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Model Lathe suppiied to 

Messrs. Quickfit & Quartz 
Limited—-thought to be the 
largest Glass Lathe in existence. 
May we send you details of 

our standard range of 

Glass Working Lathes ? 


The Heathway Machinery Co. Ltd. 


Uxbridge Road, Hillingdon, Middlesex. Uxbridge 36345/6. 


OVERSEAS AGENTS: 


FRANCE:  Fts. L. Richoux, 22 Cité Trévise, Paris 9e. 
HOLLAND: A. Bruyaux n.v., Postbus 4064, Amsterdam-Oost. 
ITALY: Ets. L. Richoux, Milan. 
SWITZERLAND 
GERMANY | 
U.S.A.: The Bethlehem Apparatus Co., Hellertown, Pa. 


Ernst Keller & Co. A.G., Voltastrasse 102, Basle. 
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HOW DO YOU LOCATE MINUTE VACUUM LEAKS? 


-Especially of the 
order of 
10° lusees 


The powers of the hazel twig may not be generally 
accepted, but the locating powers of the ‘‘SPEEDIVAC"’ 
LT4 PALLADIUM-BARRIER LEAK DETECTOR are widely 
known throughout the world of science 

Kemarkably simple to operate, it has a sensitivity com- 
parable with the mass-spectrometer—but at a fraction 


of its cost ! 
ASK FOR LEAFLET D.209! 
EDWARDS HIGH VACUUM LTD 


two trvportant 
factors to consider 
when ordering 
research 
biochemicals 


Nutritional 
y Biochemicals 
Of course quality of product is still the prime factor. And Corporation 


N.B.Co. is world famous for its complete stocks of the finest 27010 Miles Avenue « Cleveland 28, Ohio 


quality and purest biochemicals. But time and Money 
very important, too. Being able to deliver your biochemicals Send for our free june, one 
almost instantly and at economical prices have made 1961 Catalog containing over 
‘ ; 2600 items. Fill out coupon 1 
N.B.Co. the world’s number one Research Biochemicals and mail today for your copy 
House. Our stocks include Amino Acids « Peptides « Nucleo- Name... . 


proteins, Purines, Pyrimidines ¢ Vitamins Enzymes- Organization... 
Crystalline, Purified « Growth Factors * Steroid Hormones « 


Miscellaneous Biochemicals. 
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- Huilt for a lifetime 


of constant use 


The “Service” is without doubt the tinest student 


microscope today and has proved its 


high quality and serviceability in many school 


and university laboratories throughout the 


world. The simplicity of its design is allied with 


the highest standards of construction, resulting 


ina high quality instrument easy to work with 


and capable of giving a lifetime of satisfactory 


service in constant use. The comprehensive 


range of accessories, designed to make the 


“Service” suitable for more complex work is of 


equally high quality, See the Watson “Service” 


before you decide on your next microscope. 


WATSON & SONS LTD 


BARNET 


HERTFORDSHIRE 
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A member of the J INSTRUMENT GROUP 


NES8 For lifting 

and handling R-A 

materials weighing up to 71b NES Highly manoeuvrable Low cost system with full 

The equipment has power unit with maximum cell coverage and 2001b lift 

driven side-swing 
movements 


M100 M150 Maximum 4 
manipulating facilities in 
minimum space. e.¢. Alpha- 
capacity of 1001b. Gamma handling in 

sealed dry box. 


The outstanding N|E|L PLANS service 
What the hs se It 
= makes the NEL Plans service so important? It includes © a 
complete and detailed for any remote 
_ handling project. It enables you to build with confidence and a 
_ to use the standard arms successfully even for highly special-. ‘oe 
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THE M3oo 


The M300 is a versatile ‘all-purpose’ unit from the 
wide NEL range. It is a standard mechanical arm 
witha lifting capacity from a few ounces up to 75°1b. 
and its many special features include minimum 


headroom configurations where overhead ¢ ! 


learance 
requirements are vital. Like all NEL equipment, the 
M300 is backed by outstanding service and the 


unique NEL plans service 


NUCLEAR EQUIPMENT LIMITED 


Combining the knowledge, equipment and planning resources of two great nuclear handling 
companies : Savage and Parsons Limited of England and General Mills Inc., of the U.S.A. 


OTTERSPOOL WAY - WATFORD - HERTFORDSHIRE - WATFORD 26077 


Technical titersture 
on all these types is avail- 


are provided in the range, with 


"electric drives, variable speeds, M550 m700 
finger-tip controls and auto- Basically similar to M300. Wide versatility of heavy Heavyweight unit with 
matic nections for Handles up to 2,0001b. load application, e.g. 1001b rigid hook for lifting 
with fine control. cantilevered 18 ft loads up to 5,00 Ib. 


ppwer tools. 


4 Ww 
5 
ae 
i 
on 
ag 
7 
- 
Ome 
/ 
ay 
\ 
7a) 
> 


CCCOXXX 


NATURE June 10, 1961 


The wide possibilities of gamma radiation in 
industry are only just beginning to be fully 
applied, for example in the sterilization of 


packaged products. 


Cobalt-60 for such industrial processes Is now 
available from the Radiochemical Centre in 
megacurie amounts. We shall be glad to provide 
specifications and information and to quote 


for the active sources necessary. 


Comprehensive catalogues of Radioactive Sources and also 


of Radioactive Chemicals are available on application. 


AMERSHAM + BUCKINGHAMSHIRE + ENGLAND 


TAS/RC.59 
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Madejin Great Britcin by 


ESCO (RUBBER) LTD. 


Manufacturers of Rubber, Silicone Rubber and Plastic Products 


34/36 SOMERFORD GROVE - LONDON - N.I6 


VINYL PRODUCTS 


FLEXIBLE AND RESISTANT TO MANY CHEMICALS 


“ESCOPLASTIC” 


TUBING 


CLEAR OR TRANSLUCENT, NON-PYROGENIC AND 
NON-TOXIC, FLEXIBLE, STERILIZABLE IN STEAM 
AT 120 C, IN SIZES FROM 0.5 mm. TO 40 mm. i.d. 


B U i G S COLOURED ORANGE 


55 STANDARD SIZES OR TO SPECIFICATION 


IN SEVEN COLOURS FOR 
IDENTIFICATION PURPOSES 


No. | @ 60/- per gross 
No. 2 @ 75/- per gross 


TEST TUBE HOLDERS 


8 STANDARD SIZES. PRICE 16/- EACH 
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Now you can count assortments of carbon-14 and tritium samples 
interchangeably without readjusting controls perform double label 
ing at the true balance point for each isotope or do both. In addition 
the new Tri-Carb Spectrometer with its expander-amplifier circuitry 
can be used for dual-channel gamma counting merely by adding a well 
detector. This versatility is a Packard exclusive— made possible by two 
separate channels of pulse height analysis with individually variable 
amplifiers and four adjustable discriminator levels 


Other features are all-transistorized circuitry and convenient mounting 
of all controls at eye level above the freezer. Width of the instrument 
is reduced to a space-saving 39 feet 


Three models in various combinations offer a total of nine liquid scintil 
lation counting systems— refrigerated or non-refrigerated for auto 
matic or semi-automatic operation. From this selection you can readily 
meet the requirements of your budget and provide for present and 
future needs. You'll get the satisfaction and performance which only a 
Tri-Carb Spectrometer—with its world-wide reputation for accuracy 
and reliability —can provide. Call your Packard representative or write 
for Bulletin AD-1002 
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Counting 


With the 
Packard 
Tri-Carb 

Spectrometer 


INSTRUMENTS FOR RADIOACTIVITY MEASUREMENT AND CHROMATOGRAPHY 


BRANCH OFFICES 


CHICAGO + ALBUQUERQUE + ATLANTA + BOSTON 
LOS ANGELES + NEW YORK + PHILADELPHIA + PITTSBURGH 
SAN FRANCISCO + WASHINGTON. DOC + ZURICH + PARIS 


PACKARD INSTRUMENT COMPANY, INC. 
LA GRANGE 60, ILLINOIS, U.S.A. 
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IT HAPPENED THIS MONTH... 
a glance at vesterday in relation to today 


IN JUNE 1s01l)—a paper read before the Roval Society deseribes some 
experiments and observations on “spontaneous light. Herring. mackerel. and 
other objects “that abound with spontaneous light in the latent state” do not 
emit such light when deprived of life. Contrary to what other authors have 
alleved. oxygen does not render this light more vivid than it is in atmospheri¢ 
air. Azotie gas. on the other hand, is favorable to spontaneous light and helps 
preserve its emission and brillianey. while hydrogen. carbonic acid gas, and 
sulphurated hydrogen gas act to extinguish it.' 


Vore refined methods now permit us to make more reliable observations of 
hioluminescence. No longer is it necessary to depend on herring or ma kerel 
Schwarz BioResearch has recently made available a Firefly Kit for convenient 
classroom demonstration of bioluminescence and jor ATP assay. The Schwarz 
Firefly Kit provides 500 me. of dehydrated firefly tails. 250 meg. of ervstalline 
disodium ATP, plus comprehensive instructions and background information 


IN JUNE—(1880)—R. H. Chittenden reviews recent work on the enzymatic 
breakdown of albumin. “... it is plain that by the first step in digestion the 
albumin molecule is resolved into its two parts [antialbumose and hemialbu 
mose]. the gastric juice then readily changing the hemialbumose into hemi 
peptone. while the anti-group appears less suse eptible to the action of pepsin, 
only a small portion of this group being changed into antipeptone, while the 
larger part. under the influence of the dilute acid. ippears to he converted into 
partially insoluble products: but on reaching the intestinal canal these insoluble 
bodies. under the influence of the alkaline solution of trypsin. pass readily into 
solution and are digested with formation of antipeptone. which is readily 
absorbed. while the hemipeptone is further changed into ¢ rystalline decompo 


sition products.” * 


Today it is plain that many other proteolytic enzymes are involve d in the diges 
rion of albumin. Nevertheless. we still know almost nothing about the interme 

diate breakdown products. If vou are studying the enzymic cleavage and 
synthesis of peptide bonds, you should have copies of two Se hwarz catalogs 

our regular catalog lists all the biologically important amino ac tds — plain and 
labeled with and a special catalog describes a long line of carboxy- 
amino acids. polyamino acids. polypeptide s, and O' amino ompounds 
produced by the Jeda Research and Development Company in Israel. Both 


catalogs are avatlable upon request. 


IN JUNE —(1949)—a group at Columbia publishes some new mi romethods 

for the detection and determination of tissue hexoses. In 1946, Dische had 

described a new color reaction of hexoses with cysteine and other tissue con 

stituents. Now. he and his associates have developed two modifications which 

promise to he of ( onside rable value for the investigation of pols Sac harides m 

animal tissues. bedy fluid. and bacteria and for measurement of blood galactose.* 


li vour micro, semi-micro, or mac romethods involve either hexoses or sulfhy- 


dryls. vou can pre hably obtain the compounds you need from Schwarz Bio- 
Research. lle produce a large number of biologically important sugars, sugar 


phosphates and sulfhydryl compounds — plain or labeled with S*’ or € 


es HW ARZ BIORESI ARCH. INC. - Dept. 6H + Mount Vernon, New York 


riot HEMICALS ADIOCHEMICALS * PHARMACEL TICALS for researe h. for medicine, for indus'!ry 
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Britain’s finest value in Vacuum gauges 


This inexpensive yet extremely reliable Leybold-Elhiott range of vacuum 
gauges includes a model that will exactly meet your requirements. A unique 
feature of the PVE 41 control unit is that it is able to work with almost 


every available lon gauge head. Other advantages include: 


@ Suitable for standard G.P.O 
mounting 
@ Leak-detection facilities 
@ Five separately-switched ranges 
@ Stabilizing supply for the emission current 


@ Built-in out-gassing facilities 


@ Protective circuits to protect both gauge 


head and stabilizer in the ranges .2 to 20 m.a. 


@ Price only £175 ex stock, Borehamwood 


Write for full details of the Leybold-Elliott range of high vacuum gauges 


LEYBOLD-ELLIOTT LTD 


Manor Way Borehamwood Herts Tel: ELStree 3636 
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This is the SP.700 Spectrophotometer. One 
of the most advanced aralytical instruments 
of its kind. Precise—versatile—reliable— made 
for analysis through a spectral range of 


Ultraviolet, Visible and Near Infrared. The 


SP.700 records a detail of the composition of 
unknown mixtures—detects minute traces of 

the most elusive elements—completes in minutes 
a task which would take hours or weeks by 
other methods. Used by scientists in the great 
University and Industrial Laboratories of the 
world. Made by Unicam Instruments Ltd., 


Cambridge, England. 


SP.700 Recording Spectrophotometer 
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CHAPMAN & HALL 


THE EARTH, THE PLANETS AND THE STARS 
Their Birth and Evolution 
By K. E. 


M.C., MAES 
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1 NEW BOOK FROM REINHOLD PUBLISHING CORPORATION 
THE ENCYCLOPEDIA OF MICROSCOPY 
Edited by GrorGt L. CLARK 
A comy e to the Encycloped spectroscopy, this comprehensive and 
> ds of microscopy ts a work of major significance which will be ne a hind 
h In 140 specially w cles ernationally recog d experts s 
the broad held of microscopy, including every conceivable aspect of elect 
1 field emrssio croscopy The work will be of inestimable value to everyone who uses 


Ready 28 Jun Mlustrat 


37 ESSEX STREET, LONDON, W.C.2 


a unique source of INFORMATION 
on scientific instruments 


There are two kinds of knowledge: knowing and ‘knowing where to tind out’. With science and technolo: developing 
rapidly, no one can hope to be fully formed on every worthwhile new technique or new equipment 
Here are tt Nays shich “knowing where to find out can help you 


1) If you already know the answer to your problem but don’t know who makes the most suitable equipment SIMA can tell you 


(2) If the answer to your problem depends on whether someone has already developed suitable equipment SIMA will know 


if it exists and can tell you where to get 


(3) If vou just have a problem, SIMA can often tell vou whether someone has already found the answer to it and has developed 


equipment to meet it 


Where do SIMA get their information? From two sources. One is The British Scientific Instrument Research Association (BSIR A 


which ts constantly engaged in research and maintains extremely comprehensive bbraries and files. The other ts the membersh 


consisting of over 180 companies engaged in all these fields of instrumentation 


OPTICAL & OPHTHALMIC LABORATORY & ANALYTICAL KINEMATOGRAPHIC 
ELECTRONIC & NUCLEONIC MEDICAL & X-RAY PROCESS CONTROL & AL TOMATION 
ENGINEERING & INDUSTRIAI NAVIGATIONAL & SURVEY 
The Scientific Instrum Manufacturers’ Association could be your most valuable source of such information and you will find 
them very helpful on anv question about scientific instruments 


the SIM A enquiry Service — Over 180 manufacturers with one address 
SCIENTIFIC INSTRUMENT MANUFACTURERS’ ASSOCIATION OF GREAT BRITAIN 
20, QUEEN ANNE STREET, LONDON, W.1. Telephones—Secretariat Langham 4251 Enquiry Service Imperial 6000 


Space donated by member BELLINGHAM & STANLEY LID. 


Manulacturers of Polarimeters retractometer nierterometer in 


frometric apparatus 
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ationt tal 1958 its Office for Ncientit 
hie ! iim task of 
! t« mel ise theu ( ritif 
- (qualit el i~ 
M cts pro ramime of 
ri le for ust reeds for screntil 
‘ beter min thre nvest 
pured in education at i training facilities to 
rose meed modernizing methods of teaching 
irri iia itt ! ut arma ™ subjects ith 
eehools: training and re-training teachers; and 


rnational exchange of information and 


ember countries had adequate statistics on 
on With regard to man power, and still t 
ire requirements The statistical pro aires 
ducing such data had mo inte rnational stan 
nor were there standards for academue quali 
ons or international equivalents As a first step. 
nai a conference on Pech 


ve. the Othee arran 


ques for Forecasting Future Requirements of 
anc il rsorne! at The Hayur in 
November at vhich a series of papers Was 
presented on such subjects as economic gro and 
the man-power factor; educational planning in the 
t of economic requirements ; the role of statistics 


tifie 


forecasting the demand for, and supply of, seren 


inal technical personnel; and intellect tal resouret 
and the growth of highe edtieation 

Phese papers and brief summaries of the istuny 
discussion have now been published under the tith 
Forecasting Manpower Needs for the Age of Scvence 
The Office clearly proposes to work on very similar 
nes to those of the U.S. National Serence Founda 
on. and it needs no more than a glanee at sucl 
‘ as More Universities im Phe West 
inster Bank Review of February to appreciate how 
closely the programmes of both bodies bear on current 
problems in Britain. It is obvious, too, from recent 
widresses of university authorities, such as that of 
Sir Charles Morris, vice chancellor of the University 
of Leeds. at a meeting of the University Court last 
November. or that of Dr. B. V. Bowden at the annual 


meeting of the Court of Governors of the Manchester 


* Organization for | pean Keonom yperation Office 
sciet md Te il Vers Forecasting Man} Needs f 
th i ry Organization for Europeat 
be peration Londo H.M. Stationery 
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tamara iad ith i relat 
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wi wor ! re ob 
Phe artic n Bank Reve 

concerned more especiall th the inquiry now bez 

indertaken b he Robbins Com 
ery fan the lation } hh in 

ind t wid technieal eclucatio thy th 

yrowth of secon education inelicate et 

clearly some of the decisions which ll] have to b 

at an early decisions should be 
base i teat ts that ure tint ible mot on pore 
or tradition \part trom hie que stron of ho 
large is the ipply of students potentialls capable of 

protiting by higher education, Whether oF not at a 


university. and taking aecount both ot the “hbulve 
and of the nation’s needs for trained man-power, 
including overseas needs. the article stresses the vital 
pPOrt anes of nourishing among any youny 
}* ople as possible the ability to think for themselves 
and to question what Galbraith has t rmed broadly 
the conventional wisdom This does not INP t heat 
such edueation should necessarily be given at a 
university, though it is true that many students who 
fail to obtain a wood deyree have benefited from the 
broadening influence of university edu ation. and that 
it is wrong that anvone ol proved abilitv should be 
excluded from a university purely for la k of space 


be under-estimated, or attributed simply to a re line 


i difficulties of universitv expansion are mot to 
ance of manv university authorities to lower high 
academic standards, or to existing concepts of the 
optimum size for a university, any more than it 
should be assumed that an academic education ts th 
best type of hi her education for every promising 
student Much more thought could well be given 
here to the funetion of the colleges of technolog\s 
and the question of balance, partite larly in relation 
to the technical colleges extremely 


There are problems of statt. of the siting of new 


institutions. and of finance, and it is imperative that. 
20 far as possible these decisions should be based on 
eareful analvsis of the facets, and on critical and 
creative analysis by the Robbins Comunittee 
Whether. therefore, we agree or not with the vie 

put forward at the conference at The Hague already 
mentioned by Dr. Alexander K ing. lirector of the Office 
for Ncientitie and Technical Personnel! (Organization tor 


Kuropean Keononne Co operat on that education ts 


by 
aie: 
CO-OPERATION IN THE E 
XPANSION OF HIGHER EDUCATION 
FESHE strength of a 
ts mudustrial vig +} 
ul ums on te hy 
ce 
t 
pee 
in 
When the Off 
a iblished im 1958, few 
‘ 
‘ 
» 
— 
z 
ae 


42 
long-t process which requires plan 
ring na careful assessment of the broad pattern of 
needs, and that forecasti f man-power needs ts 
thu n essential pre-requisite to the elaboration of 
education some such tore 
higher education of all type his is just as true 
in such a country as the United Kingdom as it is in 
the lesser-developed countries. University expansion 
must be planned im relation to the potential needs 
even although it must be planned in relation to 
ailable resources of staff, buildings and equipment 
wid finanee. In facet. as Mr. Erik reeog 
nizes in his paper on economic growth and the man 
power factor, the physical limits to a rapid develop 
ent of technical education are likely to be greater 
bsatacles than the econonne limits, and this is 
especially true of stati 
Mi Schoudt visualizes a cdetnute vertical build-up 
ot the educational svstem im anv country from the 
elementary to the most-advanced scientific stages, 
ith appropriate balance between the several pro- 


fessional and vocational sectors, varving from country 
ountry He stresse the need for tlexibilitv. and 
yyests that even with the present nnperfect know 


mige of the most much could 


he done to 


appropriate strucrure 
effectiveness of 
the 


improve the existing 


Better vocational counselling, differ 


entiation of education and the development of various 
types of education in a system of graduated steps, 


shortening the period of education by eliminating 


obsolete material in and using modern 


nethods of instruction and more differentiated use of 
teachers are all means by which existing teachers 
ould be used more efficiently and the demands made 
both on them and on students minimized. 


Mr. P. H. Coombs in his paper seeks to indicate the 
assumptions which could form a basis for educational 
s required and the basic 


Ob. 


planning, the chang steps 


which should be taken iously the first step is a 
clear analysis and appraisal of the existing educational 
but 


at the Conference as to the practi ability of defining 


system: there was a wide difference of opinion 


the educational aims and goals most appropriate for 
the period covering the next ten years. The Danish 


delegate thought that reliable long-range forecasts 
vere searcely possible, whereas Prof. M. Vermot 
Gauchy went much further than Dr. H. Goldsteim or 
Dr. S. Moberg, who merely discussed the role of 


statistics im forecasting supply and demand = or 
indicated methods and techniques used in Sweden 
for forecasting spree ialized po ver require ments, 
in that he presented an « laborate statistical technique 
for measuring a mvriad of future needs within each 
Nevertheless, all 
appear by implication to accept the practicability of 
Mr. Coombs’s third and fourth st« ps 


of the 


three 


individual economic 


determination 


economic resources and internal changes 
re quired to achieve these yoals, and of the adequacy 


of institutional and political mechanisms and pro- 
eesses for educational planning and decision-making, 
for mobilizing educational resources and for executing 


agreed plans 
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Mr. Coombs lavs much stress on the contribution 


of the economust to the planning of education, and 
work of the type that Mr 


The Costs of Education 


much more Vaizeyv has 


undertaken in is Certamly 


needed Nevertheless, the re port dloes mot imnmore the 
inherent conflict between the planning and idance 
of man-power on one hand and the freedom of chore 
in a free society on the other. Moreover, Prof. P. de 


yrowtn 


ther education, which leads to the general 


Wolff's paper on intellectual resources and the 


of hig con- 


elusion that available reserves seem to all or a 


considerable expansion of participation im hughes 


eclucation, points also to the LHporta¢nes of mter 
national co-operation in improving and unifving the 


methods for obtaining comparable data in 


Prot. de Wolff also agrees with Dr. Goldstem that 
there is a sound basis for identifying talent among 
comparable social proups but stresses the consider- 
able influence of environmental factors 

Generally, it mav be said that the Conference 


agreed that as vet mo establishe d and LTLEGytae method. 
ology exists for forecasting in respect of scientific and 
technical personnel, and it would be unwise to regard 
forecasts as a rigid and infallible guide to policy 
Forecasts of demand should indeed be increasingly 


comprehensive, but long-term forecasts require 


supplementing by short-term checks, and overall! 


analyses and projections require supplementing by 
detailed examination, industry by industry, and by 
type of qualification. Apart from the attention given 


to the 


reserves of intellectual potential, stress was 
laid on the opportunities for increasing the efficiency 
of educational systems in utilizing talent, and this 
aspect must become of increasing importance as the 
Further, it is 
the 


Conference as to the value and opportunity for inter 


cost ot ecdueation continues to rise. 


interesting to note not only the agreement at 


national co-operation in methodology in this field 
special probl ms of 


the 


but also the recognition of the 
the 
scientists, engineers and technicians, particularly im 


under-developed countries in supply of 
respect of special needs for investment in education 
framework of national economic develop 


Westminster Re rieu 


univer- 


within the 
As the writer in The 
remarks, more than 6,000 places at 


ment Bank 
British 
sities are at present taken by Cormmonwe alth students. 
and a further 4,000 places by other foreign students 
Despite the growth of universities in Colonial and 
Commonwealth territories, the general lmprovement 
Africa and Asia 


Commonwealth 


in educational standards throughout 
lead 


students to seek to finish their education at 


will increasing numbers of 


sritush 
universities and colleges of technology 

It would be folly to disregard this demand or to 
fail to provide for it as generously as possible in plans 
for the expansion of higher education in Britain, 
The existence of this need, however, only illustrates 
further the need for close integration of the economic, 


scientific and technological and the human aspects of 


the many problems involved, and the danger o 


taking sectional decisions at almost any stage o1 


leve ] 
Office 


Again, the report of the Conference of the 


for Scientific and Technical Personnel well 


aR 
4 
‘Bite; 
= ts 
i 
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emphasizes the need for flexibility and for further 
inquiry in many directions. The need for experiment 
be remembered at all 
expansion of the 
development of new universities, in the field of tech 


+ no less urgent and should 


levels im planning the existing or 


nological education, and in the inquiries for which 
the reeonstituted Central Advisory Council for 
Education in England, under Lord Amorvy’s chair 


inanship, is responsible 

It is perhaps particularly desirable that such con- 
~iderations should he given due weivht at conferences 
like that on specialization in schools convened early 
n March by the Education Group and the Man 
Branch of the of Physics and the 
Physical Society, at which Lord James of Rusholme 
ittered the 


and 


chester Institute 


strong words against forcing choice 


between arts and science too early, again in 


reconstruction of technical education 
links 


‘hnical colleges is re quired 


considering the 


Something more than better between schools 


ard ber 
the White Paper on Technical Education (see 
March 4, p. 701 


The proposals in 
Vature. 
education 


aimed at broadening the 


recerved’ by the students, wlapting the system more 
closely to the needs of industry. increasing the variet 
of courses offered and reducing the existing wastag« 
should reeeive ungualitied leome: but these will 
not remove the need for much more creative and 


constructive thought about the relations of technical 


and technological education, and the relations of both 


to the schools and the universities. Moreover, while 
the national and economic aspects of these inter 
related problems are rightly kept in the forefront, 


the human aspects are no less important, and it is 


unfortunate that only too often these tend to receive 


the least-discriminating treatment, or to be made the 
play-ball of party political prejudice. One very 
inportant reason for we leoming the co operation 


and educational and 


Which the White Paper on 


between immdustry Institutions 
authorities of all types, 
echnical Education emphasizes, is the contribution 


it could make to eliminating this tendeney 


A DIVERSITY OF THEOLOGICAL 
SPECULATIONS 


Immortal Longings 


By Stephen Findlay. Pp. 192. (London: Vietor 


(sollanez, Ltd., 1961.) 21s. net 

The Firmament of Time 

By Dr. Loren E:seley Pp. 183. (London 
Victor Gollanez, 1961.) lis. net 


JHEN confronted with a good book with which 
W he fundamentally disagrees, the first duty of a 
reviewer is to direet attention to its merits, and in the 
case of Mr. Findlay’s vohune they are considerable. 
Immortal Lonqginas is a verv well-written and well 
informed study of the case for human immortality 


and the survival of bodily death. It surveys the 
familiar ground of metaphysical and theological 
beliefs, arguments and theories with admirable 


lucidity and concludes with a brilliant summary of 
the present situation in psychical research. I ean 
cordially with Mr. Findlay in his 


agree 


at least 
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opinion that philosophers and scientists would do well 
lo pay more attention than they are wont to ‘para 
psychology . The upshot of Mr Findlay seritical study 
At the end ‘immortal! 
longings’ remain no more than longings and personal! 
immortality a faint possibility 


is almost completely negative. 


To justify a position 


almost the exact opposite of Mr. Findlay’s would 
need a book as long as his, and here I must note only 
SOTrLeS objections to his treatment of the subject 
He rightly sees that the Christain belief in’ inumor 


tality depends on belief in God and in revelation 
It is a pity that his chapter which touches on this 
structive 


criticism 


of the traditional theistic ‘proots in their traditional 


basic theme is madequate A ak 


form is not enough, and even this meagre ration of 
argument is tmperfect. Can one, for example 
fairly state the teleological argument without some 


reference to the evolution of mmd? A process 
Which issues in the capacity to understand itself, 
the evolution of the theory of evolution, has. one 
might think, at least some prima facie appearance of 
purpose and, Can Kant be so far ignored as to 
omut all reference to the moral argument 7 Theist ik 


philosophy has survived Hume's scepticism and moved 
has 
of causation and 

The 
Vitiates 


oft 


survived his radical! 
nary 


On, JUST as BEOPLICISTH 
connexion and moved on 
conclusion about God and revelation 
Mr. Findlay’s discussion of the 
Christ Those first believed it accepted it 
as a culminating point in a revelatory process, apart 
would the 


long sect ion On 


resurrection 


who 


which it 
the 


empirical evidence 


trom have no significance, and 
to-day The 


for survival, though. as already, 


ihuation is 
remarked, excell ntly done, seems to me to be donu 
nated by the that 
however complex and conjectural, is to be preferred 


presupposition any hypothesis, 


to that of survival, so that sometime 


we seem to be 
invited to explain the incomprehensible by the 
ineonceivable This is particularly notable in the 


interesting discussion of the ‘eross correspondence’ 
data. Almost at the end of his book Mr. Findlay 
imtroduces a new and disturbing factor— the mind 


relation The whole’rend of modern neuro 
he writes, “is mind and 
brain as the subjective and objective aspects of the 
same thing.” One could wish that he had elaborated 
this dictum by explaining what possible meaning 
it can What is this ‘thing’ which ha 
such different aspects and is itself presumably neither 
the one nor the other ” 
unknowable 
whether perhaps it may be immortal ! 
Dr. Eiseley’s very different matter, 
though, in a wide sense, it bears on the same subject 
the nature and destiny of man. It not 
incite us, however, to argue or criticize but rather to 
listen to a prophetic word, to enter into the vision 
of a man of science contemplating the whole range of 
life and its development. The titles of the chapters 
are sufficient indication of the scope and trend of 
the author’s thought “How the World Became 
Natural’; “How Death Beeame Natural’; ‘How 
Life Became Natural”; “How Man Became Natural” : 
‘How Human is Man ? “How Natural is 
‘Natural’ ?”. The book is in fact a prolonged medita- 
tion on the meaning of Nature. The dangers and 
terrors of the present and the future are not concealed ; 
but the conviction emerges that there is that in man 
which transcends Nature, and, in Kierkegaard’s 
words, “through the eternal we can conquer the 
future” Anyone who is depressed in spirit by read- 


body 


logy towards regarding 


have. two 


This late appearance of the 
in confusing for it raises the question 


book In ait 


does 


j 
= 
4 
= 
2 
= 
2 
4 pares 
of 
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ing Mr. Findlay’s account of the prospects of um 
mortality might find through reading Dr. Eiseley’s 
The Firmament of Time a renewal of hope. These 
two books, diverse as they are in spirit and method 
have one common character—they are both written 
with such grace and mastery of English prose that 


it is a pleasure to read them W. R. Marruews 


ADVANCES IN ANALYTICAL 
CHEMISTRY 


Advances in Analytical Chemistry and Instru- 
mentation 

Vol. 1. Edited by Charles N. Reilley. Pp. vii +445. 

(New York : Interscience Publishers, Inc. ; London : 


1960.) 90s. 


Interscience Publishers, Ltd., 


rT HIS is tho first of a 

| published at annual intervals, the 
which is to select new ideas and instrumental tech 
niques in analytical chemistry and subject them to a 
detailed, critical review by acknowledged practical 


volumes, to be 
purpose of 


series of 


ox perts 

The advisory board controlling this publication 
is composed of eighteen chemists of such eminence 
that the success of the series could unequivocally be 
predicted purely from a consideration of the person 
alities involved. The this initial 
volume serves, however, to confirm any such predilec 


excellence of 


tion in the mind of a reviewer 

E. H. Swift and F. C. Anson have contributed a 
welcome and authoritative chapter on the use of 
Iwanow’s thioacetamide as a substitute for the 
traditional, but toxicologically objectionable, hydro 
gen sulphide reagent in general analysis. From 
kinetic hydrolysis studies, the best conditions for 
the employment of thioacetamide are established 
for acid and alkaline media Detailed practical 
examples are quoted for the separation of many 
cations using this unique reayent 

(. A. Horton discusses trends in the macro- and 
micro-determination of fluorine. This is an element 
of considerable commercial interest, and it also is 
in the fields of water treatment (dental 
archwological dating. The review is 
and includes discussion of 


important 
and 
detailed and up to date, 
Prof. Belcher’s new reagent, cerium 1,2-dehydroxy 
ant hroquinony]-3-methylamine-N-N -diacetic acid 

W. Schoniger presents a chapter on organic 
micro-analysis. The oxygen-flask micro-combustion 
side by with the more 

methods. The chapter 
useful advice on weighing 


caries) 


method is discussed side 
classical 
begins with 
prot edures. 

Cas chromatography attracts wide interest because 
of its delicacy and specificity in miero-analysis 
R. B. Seligman and F. L. Gager have contributed an 
excellent paper on modern detector systems, with 
particular comment on the great sensitivity of the 
newer ionization devices. KR. F. Godda presents a 
similarly detailed treatment of the successful applica 
near infra-red spectrometry in the 1-3u 
This paper provides a series of valuable 


micro-chemical 


some most 


tion of 
region. 
tabular information on absorption spectra in this 
unique range, together with useful comment on 
the application of various infra-red 
spectrophotometers 

Approximately a quarter of this first volume is 
devoted to a critical review by H. Flaschka and 


commercial 
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A. J. Barnard of the analytical usages of the tetra- 
phenylboron reagent, which for almost a decade has 
employed extensively for the gravimetric 
determination of potassium. The authors describe 
the applications of tetraphenylboron to the othe: 
alkali metals in titrimetric determinations both of 
volumetric and electrometric type, and also its uses 
in spectrophotometry and turbidimetry. The appli- 
cations of tetraphenylboron in the identification and 
estimation of organic compounds are also described. 
W. Reinmuth contributes a review chapter on the 
theory of electrode processes, and the charge transfer 
phenomena associated with reversible and irreversible 
systems. Problems associated with electrode mat 
erials, salt effects, surface active species, etc., are all 
discussed critically and the article provides an 
extensive bibliography of papers on this most com 


been 


plex subject. 

This series presents in a compact form the authori- 
tative views of acknowledged experts on techniques 
and theoretical advances in the physical and analytical 
fields, and will undéubtedly be welcomed by the 
research worker and the student alike 

D. T. Lewis 


academic 


FAST-NEUTRON HANDBOOK 


Fast Neutron Physics 

Edited by J. B. Marion and J. L. Fowler. Part | 

Techniques. (Interscience Monographs and Texts 
in Physies and Astronomy, Vol. 4.) Pp. xiv +983. 
(New York : Interscience Publishers, Inc. ; London : 
Interscience Publishers, Ltd., 1960.) 218s 


neutron physics, in the present 
concerns the study of interactions of 


context, 
atomic 


nuclei with neutrons of energies between a few 
keV. and about 50 MeV. The past decade has 
seen a rapid growth of interest in this field. The 


stimulation is in large part due to the increasing 
demands of reactor designers. There is also, however, 
a better appreciation of the value to the theoretician 
of data from nuclear reactions which involve neutrons, 
sinee the interpretation of such data does not require 
the inclusion of complicating Coulomb effeets. In 
such a rapidly growing field the description of the 
latest techniques has been confined mostly to research 
reports, and little effort has been spent on trying to 
summarize and evaluate developments. A core of 
basic technology has, however, been built up, and the 
present book attempts to summarize this and to 
provide a standard reference work for the field. The 
book is the first of two volumes ; the second, which is 
still to be published, will deal with the experimental 
results and their interpretation by present-day 
nuclear theories, 

This first volume is subtitled Techniques, and is 
concerned primarily with the technical problems of 
the production, detection and shielding of fast 
neutrons. It consists of twenty-four articles by 
authorities in their particular field. The scope 
of the work can be appreciated by considering the 
four sections under which the articles are grouped. 
Section | concerns neutron sources, both radioactive 
sources and the most important neutron-producing 
reactions. Section 2, “‘Reeoil Deteetion Methods’. 
has articles on detection by photographic plates and 
by cloud chambers as well as by proportional and 
scintillation recoil spectrometers. Seetion 3 considers 
other neutron detectors, including ‘long counters’, 


~ 
J 
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solid and gaseous seimtillators, helium-3 neutron- 
spectrometers and fission detectors. Finally, Section 
4 treats a number of special topics such as time-of 
flight techniques, neutron-flux measurements, collima 
tion and shielding of neutrons and health hazards. 
In many of the articles information is assembled 
which has previously been scattered through the 
literature, or merely passed informally between lab- 
notable in this regard are the articles on 
flat response counters, on neutron collimation and 
shielding, and on neutron-producing targets. The 
work is still reasonably up to date in spite of the 
fact that it was written in 1958 -this shows that a 
clear need existed for a reference book of this type. 
The usefulness of the book is enhanced by excellent 
bibliographies, and these, together with the wide 
range of topics that it covers, will make it of great 
value to all research workers in the fast-neutron field. 

To end with some mild criticism, the book shows 
evidence of a lack of balance in assembling the mater 
ial. A particular example of this is that there are 
no tables of the emitted neutron energy vs. the 
bombarding particle energy for three 
used neutron-producing reactions, D(d,n) T(p.») 
He and Tid.n)*He, whereas such tables are included 
rather reactions such as 


Orator les ; 


commonly 


for several uncommon 
pn) Cr. 

Furthermore, I was left with the impression that 
many of the articles could have been shortened 
appreciably without affecting their One 
can understand the problem that the editors must 
have had in combining so many parts into one 
comprehensive whole, but it might have been better 
if they had exerted their authority somewhat more 
firmly regarding the length of the contributions. 
The result of their failure to do this has been that 
the book is priced well beyond the means of most 
physicists and will be relegated to the library shelf 
instead of the experimenter’s desk 


Ecope 


MONTAGUE 


MATHEMATICS FOR THE 
BIOLOGIST 


An Introduction to the Mathematics of Medicine 
and Biology 

By J. G. Defares and | 

6 plates. (Amsterdam 

Company, 1960.) 85s 


N. Sneddon. Pp. 663 
North -Holiand Publishmg 


flow is a comprehensive introduction to mathe- 
maties for the aspiring biologist and clinician. 
would be the better 
meticulous 


Om second thoughts ‘perspiring’ 
word. The authors are painstakingly 
in the correctness of their approach, and some pages 
read almost like a university text-book in analysis. 
The reader for whom the book is intended is supposed 
to have ceased the active study of mathematics 
several years ago, and it is not difficult to imagine 
his reaetions when confronted with the definition 
of a field on page 4, and what is virtually a Dedekind 
seetion on page 5. However, after learning about 
convergenc®, permutations, the binomial theorem 
and partial fractions, on page 47 the reader is being 
told in elaborate detail how to plot a point on a graph 
This unevenness is explained by the interests of the 
two authors. One is a mathematician, the other a 
physiologist, and it is usually evident which chapter 
has heen written by which. 
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The authors guide the readers from limits and 
derivatives, through the standard techniques of 


integration and partial differentiation to differential 
equations, partial as well as ordinary. On the way, 
he will learn about logarithms. gamma functions, 
Laplace transforms and Fourier series, so it will be 
seen that the scope is indeed comprehensive. 
Throughout, the theory is illustrated by a wealth 
of practical examples. They tend to be mainly 
drawn from physiology, but one excellent feature 
of thern is the emphasis placed on the construction 
of a suitable model. Throughout these examples, 
however, all points found from practical experiments 
lie exactly on a straight line or other appropriate 
No indication is given as to what the biolog- 
the will so 


eurve., 
ist is to do when this is not case, as 
often happen. 

The authors deliberately exclude the theory of 
statistics from their but one would have 
hoped for a little guidance in dealing with this 
situation in a book intended whose 
results are usually so very variable. 

There are one or two mistakes in the examples 
and in the solutions of the problems. Example 13 
in Chapter 4 has a bad slip, and in example 4 of 
Chapter 6, 2 should tend to zero. I could make no 
sense out of paragraph 10 in Chapter 10, and there 
2 on p. 290. 


; 


for biologists, 


are some serious thisprints in equation 
The six plates seem useless and their exclusion might 
possibly reduce the rather high cost The printing 
and lay out are excellent throughout 

To sum up, then, this book is not likely to eonvinee 
the biologist that mathematics is easy or exciting. 
As a reference book, it may be extremely useful, 
but as a text-book, it is much too difficult and labor 
ious for the reader for whom it is intended 

J. F. Scotr 


RECENT ADVANCES IN 
ENTOMOLOGY 


Annual Review of Entomo'ogy, Vol. 6 

iKdited by Edward A. Steinhaus and Ray F. Smith. 
Pp. vii +470. (Palo Alto, Calif.: Annual Reviews, 
Inc., 1961. Published in Co-operation with the 
Entomological Society of America.) 7 dollars. 


N the six vears since this Review was started it has 
| already made itself indispensable. It fulfils its 
declared object exactly, which was to invite special- 
ists to provide authoritative and scholarly reviews 
of the literature in their particular specialties. In 
each volume, the editors have presented a list of 
titles that ranges over every aspect of entomology. 
The papers are all of a high level of authority, and 
are supported by very complete bibliographies, 
so that each takes the reader at once into the heart of 
the subject. 

Volume 6 contains the following articles: 
“Darwin's Contributions to Entomology’, by J. E. 
and C. L. Remington: ‘Insect Nutrition’, by H. L. 
House ; “Nutritional Factors in Insect Resistance to 
Chemicals”, by H. T. Gordon: ‘Principles of Insect 
Cold-hardiness”’, by R. W. Salt ; ‘The Biochemistry 
of Insect Hemolymph”. by G. R. Wyatt; “The 
Role of Mitochondria in Kespiratory Metabolism 
of Flight Muscle’, by B. Sacktor; ‘Diurnal 
Rhythms”, by Janet: Harker; Theoretical and 


Practical Study of Natural Insect Populations’’, 


1 
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by OL. W AM harcds : Prine iples of Insect Predation 
by C. S. Holling ; “‘Biological Control of Pest Insects 


Sampling Crop Pests 
“Biology ot 


in Europe’, by J. M. Franz ; 
and their Hosts”, by A. H. Strickland ; 
Chiggers”’, by Manabu The 


of Industrial Melanism in Lepidoptera”. by H 


Phenomenon 


B.D 


; 


Kettlewell ; \ Review of the Phylogeny of Mites 
by Woolley Palwoentomology by © 
Martvnova : ‘The Analysis of Inseet Embryogenesis 
by S. J. Counce The Chemistry of Organic Insecti 
cides”. by T. R. Fukuto ; “Mode of Action of Insecti 
cides , by ©. ¢ Roan and T. L Hopkins : “Eeologi 


cal Aspects of Plant Virus Transmissions , by W 


Carter Mechanism of Transmission of Viruses by 
Mosquitor by kK \W Chamberlain and 
Sudia Arthropod Vectors as Reservoirs of Micro 
bin Disease by ¢ B. Philip and W 
Burgdorter and “Transmission of Filarioid Nema 
todes’’. by F. Hawking and M. Worms In addition 
there are cumulative indexes to the volumes 2.6 
Why not 157 

Not all, however, are equally rewarding to the 
non-specialist While most authors interpret the 
word ‘review’ to mean a general survey of a field of 
study, which any interested person might use as a 


starting point, a few, including one or two in this 
moved to the extreme that the editors 
wished to avoid : ‘ a mere 
summaries or ab 
understood only 


field 


have 

said they 
coneatenation of bibliographical 
An article that can be 
that 


orizimally 


stracts. 
by people already working in would be 
better placed in a sper ialized journal 

Apart from these that are a breathless catalogue 
of new facts, a few others are spoiled by being written 
in a language that purports to be English. but has 
to be mentally translated before it can be understood 

Furthermore, lifelong infection of true hibernating 
mosquitoes May explain, at least in part, the over 
regions where 


Why not 


regions mosquitoes stop 


wintering of virus in colder temperate 
continuous transmission is interrupted.” 
: In colder temperate 
biting during the winter, but those that hibernate may 
act as a winter reservoir for the virus’ ? H. B. D 
Kettlewell on ‘Industrial Melanism in Lepidop 
tera’ is a model of clarity The canopy of all trees 
is washed by rain and the pollution is earried down 
the branches. and finally the trunk’ 
HaRoLp OLDROYD 


IN SEARCH OF RACE RELATIONS 


White Man 

A Study of the Attitudes of 
Ghana before Independence. By Dr. Gustav Jahoda 
Pp. xi+ 144 {London and New York: Oxford 
University Press, 1961. Issued under the auspices 
of the Institute of Race net. 


Africans to Europeans in 


telations.) 21s 


‘race relations’, the general reader and the 
research student will weleome a book such as this one 
Dr. Jahoda has succeeded in making clear the limits of 
his study pursued in Ghana just before independence, 


- the confused and confusing field of studies called 


the methods by which he carried it out, and the 
conclusions he drew from it This in a notably 
difficult type of study, by a European, of African 


attitudes to the white races Its scientific basis is 
that of a psychologist who is willing to use not one 
and to discuss how far they 


but several technique 
lhe their limitations 


are appli able and wherem 
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The chapters can be arranged in three main groups 
the history of White contacts with Ghana (chapter ! 


the maim of informants, school-children and 


Zroups 
and the methods used to ascertain and record 


adults, 
their views (chapters 2-6) ; and the final two chapters 
(7 and 8) in which Dr. Jahoda makes an analysis of 


than 


limitations of the 


the results of the sticky He seavs more 
that he felt himself cramped by th 
space allowed, and this is particularly evident in the 
final two chapters, where a fuller discussion, both of 
the methods of study and the results, would have 
beon advantageous. 

Among the many studies of political and econom 
development now bemg made in Africa, this field ot 
attitudes’ is new, negiected and important. There 
are two distinet vet related a ets of this probl 
the attitudes of Africans to E ITOpPea4ns, and that of 
Africans Studies have been goimg 
Africa in both 


room im all the 


Europeans to 
on at the University Colleg: 
these aspects There is 

frican countries for a deve lopn ent of these 
which will be 
be ing valid 


of Central 
obviously 
“attiiucl 
studies on a scientific basis recognized 
by Africans and Europeans as 
and vieldmg results which can be applied to contem 


object iver 


porary situations It is therefore imperative to 
speed the process by which African research 
tudents can receive the kind of advanced traming 
which will enable them to work as fully equipped 
colleagues with Europear These are not sindies 


» be rushed into in order to provide quick solutions 


tor political and economic re ationships They I 
quure the detached, wnemotional research which can 

validate its own methods justify and explain 


its results, however unexpected or unpalatable they 


ar a 


may appear to Africans or to European 

Dr. Jahoda has provided us im this book with 
everal ideas which form the main theoretical leads 
in his own work and provide suggestions for further 
development One of these 
conet pts is that of the stereotype held bv the members 
another, and he 
when acquired in 
This complex of 


in subsequent Studies 


of one race about the members of 
emphasizes that this 
‘notoriously resistant to change” 
attitudes towards the members of another race is the 
result of a historical time process, and hence there 
element of “time lag” im the formation and 
expression of attitudes. This is probably the most 
outstanding contribution im the study, 
and is well worth searching out in all the chapters 
of the book. 

Another factor, illustrated im Chapters 2-5, is the 
difference in the attitudes of Africans with varying 


stereotype 


in an 


present 


degrees of Western education or none at all. Hence 
there is no one ‘African attitude’, and these educa 
tionally differentiated attitudes also vary in relation 


to the stages of political and economic develop 


ment. 

Thirdly, and this concept calls for anthropological 
as well as psychological investigation, the Africans 
in this Ghana study distinguished between the 
British expatriates with whom they had personal 
contacts in the country, and the British institutions 
and eulture which had been brought to Ghana over a 
long historical period. This field of 
race-relations studies the fundamental question ot 
how far stereotypes and attitudes depend on personal 
contacts, and how far on identification with or revolt 


raises im the 


against an imported culture. 
There is no index, but there is a de tailed SVNOpsis 
of all the chapters and a useful selected bibliography. 
MarcaretT Reap 
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Lectures on Ergodic Theory 
By Prof. Paul R. Halmos. Pp. vii + 100 (New 
York: Chelsea Publishing Company.) 2.95 dollars 


PE HIS book is a re-issue of one previously available 
| under the imprint of the Mathematical Society 
of Japan It consists of the notes on which Prof 
Halmos based a series of lectures given at the Uni 
versitv of Chicago in 1955, and, although it makes 
no claim to being an exhaustive survey, it 1s vot 
rich in content 

The leetures are, of course, addressed to pure 
mathematicians Although ergodic theory had its 
origin in Boltzmann’s development of the kinetic 
theory of gases, the subject, as extended by mathe 
maticians, now encompasses a much wider field 
Thus only the first few chapters, which deal with 
recurrence, mean and pointwise convergence, ergod 
icity Gin the sense of metrical transitivity) and 
mixing theorems, have relevance to the problem of 
irreversibility as it appears in physics 

The discussion im these initial chapters In in terms 
of transformations on a measure space ; afterwards, 
algebraic concepts are introduced and topies then 
considered include conjugacy and equivalence with 
particular reference to transformations which possess 
a discrete spectrum, weak and uniform topologies 
for automorphisms, the topological size of sets of 
strongly mixing, weakly mixing and ergodic trans 
formations, and the sigma-finite 
ims ariant measure equivalent to a given moans ire 
{ list of unsolved problems is appended. 

The author's style displays its customary clarity. 
and the lueid presentation, enhanced by informal 


existence of a 


asides. augurs well for the author's declared aim of 
rekindling interest in this branch of mathematics 
I. E. FARQUHAR 


Impact 
The Theory and Physical Behaviour of Colliding 
Solids. By Prof. Werner Goldsmith. Pp. xv +379 
(London: Edward Arnold (Publishers), Lid., 1960.) 
net. 


ROF 
book which will be 
on problems of the impact of solids, since much 
of the available 
only im published prey rs. The book embraces a 
wide range of topics, and contains much ftaetial 


GOLDSMITH has produced reference 
weleomed by those working 


subject has hitherto been 


information in the form of tables and graphs The 
treatment is concise, and in many of the theoretical 
solutions only an 


with appropriate 


outline of the main steps is 


given, references to published 
papers 

After a survey of the classical theory of the impact 
of rigid bodies, the author considers vibration and 
wave motion in elastic bodies, and discusses problems 
involving the collision of elastie rods, and the impact 
of a rigid mass on a rod or beam. The book con 
tinues with a discussion of contact phenomena, 
and the effect. of these phenomena in elastic problems 
is investigated. Impact problems involving plastic 
flow are considered, with a brief discussion of the 
hydrodynamic theory, and a more extended treat - 
ment of theories ot plastic wave propagation in 
rods, beams, and plates. A chapter on impact 
experiments includes a description of experimental 
techniques, together with results of many experi 
ments involving elastic and plastie deformations 
The book coneludes with a chapter on the dynamic 
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properties ot materials, ana tle techniques usecdt 
in their measurement There is also an extensive 


bibliography of nearly six hundred titles 


R. P. N. JONES 
Analytical Techniques for Non-Linear Control 
Systems 
By Prof. John C. West. (Electrical Engineering 
Series.) Pp. 223. (London: English Universities 


Press, Ltd.. 1960.) 25s. net. 


of three techniques, namely the phase-plane and 
describing function techniques, and the use of random 
inputs, to the analysis of non-linear control systems. 
In an approach basically similar to that used in a 
previous hook by the same author on linear servo- 
the applicat specific simple RY 


"Dara book describes successively the application 


mechanisms 
is introduced at an early stage in the description ot 
each technique. Application to more complex 
systems is then described and the analysis developed 
from these examples to more general considerations 
concerning the technique. The non-linear 
systems are analysed by each technique and a 
comparison of results made which forms a part icularly 
interesting connecting link between the three separate 


groups of chapters. 

The style is clear and concise, and the author does 
not allow mathematical complication to obscure the 
fundamental principles he describes. This, together 
with the basic approach of progressing from the 
particular to the general at each stage, leads to a 
text which may be easily read as an introduction 
to the subject, but which at the same time takes the 
reader further than would an imtroductory work. 
Indeed, the material in parts reaches, albeit briefly. 
almost as far as the present development of the 
subject permits. 

This book fills a definite gap in the existing litera 
ture in the field of contro] mechanisms and is a useful 
addition to it. Kk. M. DEELEY 


Physics of Semiconductors” 
By A. F. Ioffe. Pp. xi -+ 436. 
Ltd.. 1960. Distributed by 
Ltd.. 1960.) S4s. 
FURHIS is an English translation of the Russian 
book published im 1957 which was reviewed in 
Nature (Dee. 7, 1957). Some amendments and 
additions have been made in the preparation of the 
the bibliography has been extended 
A twenty-page 


London : Intosearch, 


Cleaver-Hume Press, 


translation ; 
and a subject index has been added. 
section has been added on materials for thermo 
elements which provides an excellent discussion of 
impurity effects and solid solutions, and of the attain 
ment of the required high electrical conductivity, 
high thermoelectric power and low thermal condue 
tivity. The ten pages of reflect: the 
late author's particular interest im the phenomenon 
of low earrier mobility in certain materiale and the 
dilemma posed by apparently very short mean free 


‘Conclusions’ 


paths 

The book indicates the state of semiconductor 
physies up to 1957, and the treatment throughout 
is aimed at giving physical insight into fundamental 
processes without excessively detailed analytical 
discussion.. It is felt that the book is successful in 
attaining its intended objectives and can prove 
stimulating m certain areas ot contemporary semi 


conductor research. R. E. BurGEss 
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CENTENARY OF THE MASSACHUSETTS INSTITUTE 
OF TECHNOLOGY 


By Dr. JAMES R. KILLIAN, jun. 


Chairman of the Corporation, Massachusetts Institute of Technology, 
formerly Special Assistant for Science and Technology to the 
President of the United States 


NE cannot live in the atmosphere of a great 
( research and educational institution, renewed 
vear after year by youth, with its hopes and energies, 
and by students, old and young, with their dreams 
and discoveries, without acquiring a faith in the 
power of intelligence to achieve a future of peace and 
order among all peoples. 

This faith was strengthened during the 
celebration of the centenary of the Massachusetts Insti- 
tute of Technology, when some of the world’s most 
eminent intellectual leaders met at the Institute to 
exchange ideas on how greater good may be sought 
through greater knowledge The Institute was 
honoured by their presence, and we believe the occasion 
proved a fruitful one for them 


recent 


Fig. 1. 


Rogers Building, the first permanent home of the Massachusetts Institute of Technology, in Boston, Massachusetts 
graph was taken around 1915, although the building was completed in 1866 


More than 150 men and women from many pro 
fessional fields in 35 countries participated in a con- 
ference on the prospects and implications of scientific 
and engineering education for the world. Later there 
were provocative (discussions by such thinkers as 
Aldous Huxley, Prof. J. Robert Oppenheimer, Su 
John Cockeroft, Prof. Chen Ning Yang, the Right 
Hon. Philip J. Noel-Baker, Prof. George W. Beadle 
and Prof. Peter B. Medawar, on what the future holds 
in science, the arts, industry and arms control. The 
Right Hon. Harold Macmillan and Mr. Dean Rusk. 
Secretary of State, gave notable addresses which cast 
new light on the complexities of international affairs. 

No attempt will be made here to surnmarize the 
many points of view that were expressed in the discus- 
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Fig. 2 Photograph of 


t research laboratory taken when the Institute was in 


949 


The students are of graduate-level and 


(1895) 


are performing experiments in electrolysis and the study of cultures in chemistry 


sions. There was no intention that clear-cut con- 
clusions should be sought, and no final solutions of 
the problems which press on the world from every 
side were offered. Yet, there was an atmosphere of 
hope, of awareness of our magnificent opportunity to 
imagine a better human community, and, through 
a new blending of the sciences, the social sciences 
and the humanities, to devise the new strategies 
required to move toward a better human com 
munity. 

The expectations and intentions of to-day are closer 
than one might suppose to those which a hundred 
vears ago led to the founding of the Institute. By the 
end of the second decade of the nineteenth century, the 
economic expansion of the United States, with the 
growth of industry and agriculture, was calling forth 
new public attitudes toward education and toward 
science and technology. There were strong forces 
leading to the popularization of knowledge, including 
a growing awareness by people from all walks of life 
that science could provide a better life. 

This understanding brought into being lyceums 
and mechanics’ institutes, the forerunners of a new 
pattern of education, the means for the application 
of scientific principles to the practical arts, and the 
development of a new and closer relationship between 
the scholar and the citizen. 


Concurrently, there was a growing demand for 
universal, free, public education. It was in 1837 
that Horace Mann, the eloquent apostle of ‘‘well- 
appointed and efficient means for the universal 
education of the people”, became the first full-time 
secretary of Massachusetts’ new State Board of 
Education, and in this post led a transformation of 
the State’s schools and set a new pattern of public 
education for the nation. 

In the midst of this national ferment a Virginian, 
William Barton Rogers. who was to found the 
Massachusetts Institute of Technology, began to 
form ideas for a new kind of educational institution 
to respond to the needs of a growing industrial 
society. 

Rogers had held the chairs of natural philosophy 
and chemistry in William and Mary College, and of 
natural philosophy in the University of Virginia. He 
had served as head of the Virginia State Geological 
Survey, an experience that broadened his under- 
standing of the social and economic importance of 
scrence. 

He recognized that science should no longer remain 
the esoteric concern of a few learned and cultivated 
men. It was in the public interest that it be the 
concern of all. The economic expansion of the 
country, the gradual opening of the West, the growth 
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Fig. 3 Aerial view of the Massachusetts Institute of Technology Kresge Auditorium and the Institute Chapel (the 
vlindrical shaped buildings) are on the left From left to right. immediately tacing the Charles River. are Baker House Dormitory 
(sraduate H Dormitory, the Great Court with the Main Building of the Institute, Hayden Memorial Librar id Walk M 
Student Union ( Phot Lawrence Lowru 
of industries, navigation, transportation, mining, and Even so. the United States was definitely lay 


agriculture, increased the need for a deeper knowledge 
ot the 

What treasures were buried in its rocks, hidden in its 
forests, How could Nature 
be controlled to offer better oppertunities for manu 
facturing, transportation, agriculture, and, 
important, men ? The existing educational institutions 
were inadequate in attitude, facilities and personne! 
these 


resources of the nation. 
lying beneath its waters ? 


most 


to meet demands 


College education was still centred on the study 
ol the classics Natural serence was considered ot 
relatively little importance in comparison The 
colleges, as a rule. still believed in ‘training the 
mind’, for which purpose Cesar, Plutarch and Euclid 
were consicte red unsurpassed Engineering as af 
professional study was almost non-existent in the 
university svstem 

4 few schools. notably Yale and Williams, had 
hesitantly and half-hearted], attempted to teach 


the application of screntiiie prim iple s to the produce 
tive arts Rensselaer Institute under Amos Eaton 
and the United States Military Academy under 
Svivester Thaver had already pioneered in the train- 
ing of 
tively. 


science teachers and civil engineers, respec 


relative to Europ 
recognized 


ying in technological education 


where engineering had long been a 
profession The FEeole Polytechnique in Paris. 
the Bergakademie at Freiburg. the Technische 
Hochschule in Zurich emphasized high! 

intellectual, scientific and analytical approach to 


for the technolovical services demande 
State and industry. 

to the 
had become immersed administ 
In 1x44 he ot 


Faculty, a post equivalent to that of the university's 
chief exeeutive. This position strengthened Rogers's 


education 
by 

Since his move niversity of Virginie, 
n college 
chosen chairman thie 


tion. was 


administrative and organizational skills, while afford 
ing him full opportunity to ponder Jefferson s educa 
tional ideas stressing the use of science and tee hnolowy 
for the betterment of society 

His experience led Rogers to question seriously the 
current curricula of existing 
Dearth of facilities, improperly trained 
personnel, and above all the lack of understandmg 
by educators to foretell dim future 
education im It 
apparent to Rogers that only through the formation 
from ve sted 


tuture of serence im the 


colleges. 


seemed a for 


scrence and becanit 


of a new school, free the interests ot 
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traditional education, devoted specifically to poly- 

technic education, could science and its practical 

application be placed in its proper perspective in the 

general system of American education. Such cireum- 

stances led Rogers in 1846 to prepare this famous 
Plan of a Polytechnic School” 

Virginia, he concluded, was not then the place to 
start such innovations. Rogers turned to Boston as 
the site for consummation of his ideas on polytechnic 
education. This city, with its flourishing arts and 
sciences, the centre of factory- and machine-conscious 
New England, and philanthropically minded families. 
was a logical place to promote and establish a schoo] 
devoted to technology. 

The proposal attracted nation-wide interest, 
although it was not until 1861 that Rogers saw its 
culmination when the “Act to Incorporate the Massa- 
chusetts Institute of Technology’ was passed by the 
Massachusetts Legislature ‘“‘for the 
instituting and maintaining a society of arts, a 
museum of arts, and a school of industrial science, 
and aiding generally by suitable means the advance- 
development and practical application of 
connexion with the arts, agriculture, 
manufacture, and commerce” 

The forerunner of a new type of educational 
institution, this was fully tuned to the changing 
technological character of the nation. It was to 
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ment, 
science in 
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serve as the model for many other schools throughout 
the world. The work of Rogers undoubtedly did 
much to pave the way for the Morrill Act of 1862, 
which led to the establishment of America’s unique 
system of land-grant colleges. 

In his plan for a new kind of university, 
stressed four fundamental principles ; 

First, he emphasized the importance of being 
useful. He had no sympathy with the prevailing 
view that the practical professions lacked dignity. 


Rogers 


or that utility corrupted liberal education. He was 
one of the earliest advocates of what J. B. Conant 
has described as the philosophy of the modern 


American university, “a philosophy hostile to the 
supremacy of a few traditional vocations, a philosophy 
moving toward the social equality of all useful 
labor’ 

Next Rogers stressed the educational gain derived 
from building a college programme around a pro 
fessional objective. He recognized that the disci 
pline, the thoroughness, and the motivation inherent 
in a professional programme have educational values. 
He refused to admit of any inevitable conflict between 
specialism and liberal education. 

togers’s next principle, that of learning by doing. 
he expressed through the laboratory method of 
instruction. While this idea was not original with 
him, he gave it its first systematic application in the 


Kresge Auditorium (left) and the Institute Chapel (right) were designed by Eero Saarinen and are focal points of the Massa- 
chusetts Institute of Technology community 
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Fig. 5. The Karl T. ¢ 


at the 


United States. In his educational thinking, Rogers 
always stressed method: in a time of scepticism, he 
had faith in the scientific method. He foresaw the 
far-reaching effects on higher education of the spirit 
and method of research, the concept which holds that 
learning thrives best in an atmosphere of creativeness 
and not in one limited to 
quarianism American 
assimilate this idea from the German universities: but 


and anti- 


later to 


Initativeness 
universities were 
Rogers's idea was indigenous 
Next, Rovers 
ing principles is 
We believe hie 
lucation, even in an industrial point of view, 
founded on 


snd principles, and which unites with close observa 


was emphatic in his belief that learn- 


more important than learning facts 


said, “that the most truly practical 


Is Ore 


a thorough knowledge of scientifie laws 


on and exact reasoning and, note this, “a large 
eneral cultivation 
He wanted the humanities taught along with 


and He antic ipated the need, 
net by only a few institutions even to-day. 
kind of with 
<chences instead of the classical studies, 


science 
of a new 
gravity in the 
but with the 
humanities and social sciences fully re presented and 
enthusiastically supported as full partners. 

In his original prospectus of 1846 Rogers had the 
boldness and foresight to dream of a destiny for his 
“I doubt not “that such 


institution its centre of 


institution . Rogers wrote, 


‘ompton Memorial Laboratories, which house the Computation Center and the Research Laboratory of Electronics 
Massachusetts Institute 


of Technology 


a... school would finally expand into @ great institu 


tion 
togers laid down the grand design, and successive 


presidents carried the institution steadily forward 
toward the quality of institution Rogers had doubted 
not would be achieved. Francis Amasa Walker. 
distinguished economist and Civil War general. gave 
validity to the design and brought the Institute to 
national prominence 

Richard Cockburn Maclaurin, a from 
New Zealand, who was educated as both lawver and 
physicist at the University of Cambridge, attracted to 
the Massachusetts Institute of 
resources that for the first com 
mensurate with the Institute’s responsibilities and 


Scotsman 


financial 
began to be 


Pechnology 


moved the Institute to its present more ample home 
in Cambridge, Mass. Karl Tavlor ( ‘ompton provided 
thrust by strengthening the 
expanding graduate study and research 

Where does the Institute stand at the end of its 
first hundred years in relation to the aims and hopes 
of its founder ? How has the innovation served the 
nation ? What is the record * 

The Massachusetts Institute of has 
been an educational pioneer since its founding It 
virtually created the modern profession of chemical 
engineering and was the first technological institution 


new SCICTLCES and 


Technology 


to recognize and provide for economics as an impor- 
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tant elernent in the education of the engineer. The 
Institute was the first school to establish courses in 
aeronautical architectural 


engineering, engineering, 


chemical engineering. food technology. imdustrial 
biology. marine engineering, and naval architecture. 
It established the first collegiate programme in 
architecture. 

Phe Institute’s contributions to education continue 
to-day to find new expression over a wide range. 
One striking current example is the work of the 


Physical Science Study Committee. devoted to 
creating a new, complete physics course for secondary 
schools 

The Institute is at present taking the leadership in 
upgrading and modernizing the education of engin 
eers Its Electrical Engineering Department has 
led the way with a drastic overhaul of its curriculum, 
fundamental approach to 


which 


which embodies a& more 


electrical approach has 


prompted acclaim in industry as well as in education 


engineering an 


This spirit is now finding rapid acceptance through 
the School of Engineering 

The Massachusetts Institute of Technology awards 
13-6 per cent of the nation’s total output of doctorates 
in engineering and 9-5 per cent of all Master’s degrees 
in engimeering. The number of engimeering doctorates 
awarded by the Institute is more than double the 
second-ranking institution. 


number awarded by the 
In this eritical area of education (only 
enyuineering per annum are at 
awarded in the entire nation), the Institute has led 
the country in the number of doctorates awarded in 
almost all the professional fields of engineering 

The Institute now awards approximately 7 per 
cent of all the U.S. doctorates in physics. On no 
other single campus in the United States have so 


about 


doctorates present 


many doctorates in physics been awarded 

The Institute has gained exceptional strength from 
the quality and cosmopolitan character of its student 
body. Its 3.600 undergraduates and 2,700 graduate 
students are a highly group, and m their 
origins they probably represent a wider geographical 
spread than any other student body in America. 
Typically, Massachusetts Institute of Technology 
freshmen rank in the top 10 per cent of their high- 
school graduating classes: the first -\ ear class of 899 
students in 1960 drawn from 677 secondary 
schools distributed through almost every State and 
in many foreign countries 

In the graduate school more than 500 American 
represented among the 


select 


was 


and foreign universities aré 
student body. 

Harvard and Massachusetts Institute of Technology 
stand first and second respectively, and far ahead of 
number of National 
They also 


most other institutions, in the 
Merit Scholarship recipients 
lead the country in the number of students receiving 
General Motors Scholarships and National Science 
Foundation Fellowships who elect to study in these 


enrolled. 


two institutions. 

In its service to the nation, the Institute has played 
a part that has demonstrated it to be one of the most 
significant sources of national security and strength 
in the United States. In reeent vears it has created 
and managed the Lincoln Laboratory. out of which 
has come the SAGE system of Air Defense and the 
concept and design of the DEW Line, the early 
warning line which has been vital to the deterrent 
power of our strategic striking force. 

The Instrumentation Laboratory has pioneered in 
the development of inertial guidance for missiles, 
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Out. of this 


space-vehicles, aircraft, and subruarmes 
and 


Laboratory have corm designs components 
svstems which have resulted in industrial production 
hundreds of dollars: for 
the guidance systems used in the Polaris, 
and Titan Thor. 1. 500-miule 


was the nation’s first operational mtermediate- 


running imto millions of 
example, 


Tho 


range, 


missiles, with its 
range ballistic missile. 

The Laboratory of Electronics, 
wide-ranging programme of basic research, has been 
a well-spring for new concepts and new technology 


Research with its 


important both to advancement of defenee and 
industrial technology 
From its beginning a hundred yvears ago, the 


resources have thus been brought power 


Institute's 
fully to bear on the development of America’s indus 
The development of every technically 

} research 


trial strength 

based industry 
done at the Institute or bv 
industrial engmeermyg, or 


been quickened by 
its graduates serving im 
research, management 
capacities 

Massachusetts Institute of 
have helped to create our modern urban environment 


Technology graduates 
and its unequalled array of transport systems and 
They have brought a command of the 
and management 


achievement of a 


public work. 
methods of engineering 
to the defence of the nation, to the 
higher standard of living. and to the advancement 
of publie and private health 

In addition to its contributions to science and engin- 


eering, the Institute has been. from the beginning, a 
centre of management education, a contribution that 
now finds formal expression in its voung and vigorous 
School of Industrial Management Industryv’s grow- 
ing dependence on engineers in 
confirmed by a recent study which 
half the Institute’s graduates in engineering 


management 1s 
revealed that 
almost 
eventually occupied positions in management, many 
within tive years of their graduation 

Through leadership positions in American industry, 
the 


the Institute’s graduates have contributed to 
strength and prosperity of the nation. Some 1,500 


private 
States; 


alumni of the Institute are presidents of 
companies and institutions in° the United 
about 1,200 are vice pre sidents The Institute heads 
the list of educational institutions the graduates of 
(more than 1,400) Who's Who in 
number that of the 


which 
Engineering a 
next ranking institution. 

At present the Massachusetts Institute of Technol- 
ogy probably has the most comprehensive and varied 
research programme in the 
technology to be found in any one place in the world 
It has at 900 separate research 


projects. 


appear ith 


almost double 


physical sciences and 
present under way 

There is searcely any aspect of American 
and that is not touched —and 
advanced —by its activity. Thus, the 
Institute stands to-day as a generative force, with the 


scrence technology 


creative 


opport nity before it to achieve a new order of service 
to America, through both research and education. 

Major among the developments of the past two 
decades has been the strengthening of the humanities 
and social studies. The Center for International 
Studies has been established, the School of Humani- 
ties and Social Science has been formed to give formal 
focus and recognition to programmes in these fields. 
Political science has been added as a degree-granting 
prograniune, 

The Massachusetts Institute of 
moved steadily, as Rogers clearly hoped it would, to- 
ward becoming a university polarized around science, 


Technology has 
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RECENT ADVANCES IN THE BIOCHEMISTRY OF 
GLYCOGEN AND STARCH’ 


By Dr. W. J. WHELAN 


The Lister Institute, London 


YVLYCOGEN, and the components of starch, the 
J largely inbranched amylose and the highly 


branched, glycogen e amylopectin, were the first 
polysaccharides to be svnthesized enzvimucally 
Several factor helped in this achievement 


rapid progress in the nineteen 


forties The 


2-D lucose | phosphate, can 
be readily obtaimed im large quantity ; the progress of 


<vnthesis of the chain-forming «-1.4-linkage is very 


isy to measure; and the enzymic synthesis of the 
branch points Is accompan do oby characteristic 
changes in the pod ine staining properties of the 


polysaccharides and their susce ptibility to degrada 


tion by exo-enzyvmes Ten vears ago the enzymic 
svnthesis and degradation of these polyvsacchat des 


eould be reviewed vith the feeling that i 


progress would consis 
tlready firm outlines 

However, the nineteen-fifties saw the widespread 
discoveries of the stigrear ritie leotides and their involve 
ment in carbohydrate biosynthesis Glycogen and 
starch have been caught up in these discoveries and 
the whole conception of their biosynthesis 7 


from glucose l phe sphate is now held to be incorrect 
The new evidence points to both polymers originating 
from uridine diphosphate glucose, polymerized by 
ylvcogen synthetase or a corre sponding plant 


enzyme, referred to here as ‘amylose synthetase 
irst reported last Septemibe r Phosphory lass is 
thought to be an ugent only of che gradation. Other 
discoveries have been searcely less disturbing to the 
older hypotheses For example, rabbit musele- 
phosphorylase a, the first glveogen-metabolizing 
enzyme to be erystallized, is not the predominant 
Instead it is phosphory lase 


which dimerizes to the a form by an adenosine 


form im resting mitis¢ 


triphosphate dependent reaction during the in vitro 
anipulat ions of tsolation® Because phosphory lase 
} requires monophosphate for activity 
vhile a does not, a reconsideration of the interrelation 
of in rire processes must follow The reverse con 
version Of phosphorylase a into b by P?R-enzyme has 
PR-enzyme had been 
thought to be a factor removing a prosthetic group 
hence the initials), but efter the discovery of the 


halving in molecular weight when rabbit-musecle a 


also be en re-eXarmined 


enzyme turns into 4 (ref. 5), the initials could be held 

to apply to pho pp orviase rupture We now know 

that they stand equally for phosphate removal 
phosphorylase - 2 phosphorylase 

Other enzymes which have been re-scrutinized are 

r the branch linkages of glycogen and 


those splitting 
Phe plant enzyme (R-enzyme), attack 


amyloper tin 
mg amy lopes tin. has prove d to be two enzvmes. one 
specific for the natural macromolecule and the other 
attacking only the small branched oligosaccharide 

formed during amvilolvsis of amylopectin’, Corre 
spondingly. the activity of the animal enzyme, 


v Department t 
emistry, University College, London, on February 25 and March 


wosidase, us clue 


but mn this case both activitr 


and of a transyglvcosvlase. are 


The transglycosylase is one of a ast group ot 
enzymes discovered in the past ten vears, the existence 
‘ 


of which went unsuspected tor lack of suits 
detection. Paper chromatography provided that means 


means of 


and was instrumental the discovery potato 
juice of an enzyme the specificity of which has not 
vet been matched by that of anv mamunalian enzyme 

This catalyst, D-enzyme, redistributes x-1.4-bonds 
in starch-type polymers. Maltotriose is the smallest 
molecule on which it exerts any rapid action It 

first converted into maltopentaose and glucose. fo 
the enzyme prefers transfer glucose Tesi tues 
severally rather than singly There is no hvycdrolvsis 
and therefore no change in the average size of the 
molecules Phe enzyme represents & mayor activity 
in potato juice and is presumably implreated in 
starch metabolism. When the aetion is coupled wit! 
that of hexokinase and adenosine triphosphate. to 
eonvert glucose into the 6-phosphate, the enzyme ts 
driven to form long, amvlose-like chains from malto 
dextrins and merits consideration as yet another rival 
to phosphorylase for starch synthesis!? Enzvimes 
which likewise redistribute «-1.4-glucosidie bonds 
but appear to act readily on maltose are also known 
now in plants! and animals ‘ Separate but similar 
catalysts have been discovered in potato (7'-enzyme 
and rabbit musele 
from maltose but reposition the sugar at C'-6, mot at 


These also transfer «-glucose 


C-4, forming the trisaccharide panose., The chemuistrs 
of this action is identical with that of the polysac 
charide-branching enzymes, Q-enzyme in plants. 
in animals T-en 
zyme is separable from Q-enzyme, so just as with 
R-enzyme (see above) it seems that separate systems 
are necessary for the sare reaction according as to 
whether the substrate is an oligosaccharide or a 
polysaccharide. In faet, of the enzymes which it 
has been customary to involve in the eyele of glyco 
gen-starch synthesis and degradation, only the 
branching enzymes seem to have retained their places 
unchall nged. This situation may, however, simply 
reflect the comparatively seant attention these 
enzymes have received 


Biosynthesis of Glycogen and Starch 
The chain-forming process. The synthetic pathway 
to glyeogen based on uridine diphosphate glucose 
(Fig. 1) was first reported in 1957, by Leloir and 
Cardini', as taking place in rat liver Since then, 
the enzyme has been found in muscle tissue of 
in rabbit 


humans!*, rabbits’? and rats! 


pigeons 
brain'®, veast?° and in beans? potatoes and sweet 
corn”, The early observations of the insolubilits 
of the animal enzyme are probably the result of 
adsorption on glycogen in the microsomes, and this 
finding led Leloir et al.?-*® successfully to seareh 
for the enzyme in starch grains. The enzyme pre 
paration reported is in fact a suspension of starch 


thos of a hydrolase 
t} 
ae 
‘ 
eh 2. 
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glycogen G 6-P 
a,b if 
\ | 
Sor 
sucrose <—=—»> UDPG G1-P 
A ah 
| m 
v 
sucrose amyiose > omy pectin 
phosphote 
s it 
‘ 
| f } } 
The tinding reealls Stacey's suyvestion that the starch 


grain might contain the enzymes of svnthesis 

The discovery of the nucleotide pathway to givco 
gen explained several observations inconsistent with 
the idea of phosphorylase as the provider of glveogen 
For example, when epinephrine or glucagon are used 
to phosphorylase. giveogen disappears 
\lso the ratio of inorganic phosphate: glucose 1-phos 
phate in animal tissue is totally unfavourable for 


glycogen synthesis by phosphorylase 


synthetase action does not depend on the level of 
inorganic phosphate. and the conversion of uricine 
diphosphate glucose is essentially complete! 
Glycogen synthetase needs a primer, its 
specific requirements are s milar to those of musele 
phosphory las Thus glhyeogen is the most etticient 
primer but loses its activity after degradation by 
x-armnvlase Polysaccharides with lower degrees of 
branching than glycogen are less effeetive and linear 
material does mot prime 1s The problem ts 
therefore posed with glycogen synthetase, as with 
muscle phosphorylase**, of the reason why, in order 
to synthesize «-1,4-bonds, the enzymes require a 
primer containing z-1,6-bonds and of high molecular 
weight Potato phosphory lase?* and amy lose synthe 
tase?’* have no such scruples. Work with glycogen 
svnthetase presents experime ntal problems due to the 
instability of the enzvme and the exotie nature of the 
glicose-donating substrate So far the records otf 
giveogen synthesis in fact amount to lengthening 
of the unit chains of the added primer by only a tew 
glucose residues. A very curious feature of glycogen 
svnthetase is the de pendence of the activity of the 
animal and yeast enzymes on glucose 6-phosphate. 
Phe rat-liver enzyme', for example, is activated up to 
15-fold by the ester, and the 6 phosphate s of fructose, 
glucosamine and galactose can replace the glucose 
phosphate The glucose moiety of the phosphate Is 
not, however, incorporated into the synthetic poly- 
saccharide'*, and it remains uncertaim whether the 
effect of sugar phosphate is simply & protection ot 
enzymic activity or something more intimate'. The 
effect has not been mentioned for the bean enzvme ; 
but one wonders whether there is any connexion 
with the stall une xplaimed eccurrence of 6 phosphate 


20a 


residues in starch, mainly in the amylopectin com- 
pore nt 

Branching enzymes There is a very close corre 
spondence between glycogen metabolism in animals 
and starch synthesis in plants. In fact every enzyme 


implicated in glycogen metabolism has its plant 
counterpart. Such differences as are found concern 
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specificity. as between J-enzyme and its animal 
analogue, mentioned earlier These differences are 
of two types, one concerned with group) transfer 


vl the other with the «ditt ring shape s of the plant 


and animal macromolecules Phius, im regard to the 
latter, glycogens having ‘normal’ values of average 
unit cham-length are mot attacked by potato phos- 
phorvlase, D-enzyme or R-enzyine Only when 
the glycogen has been fragmented, thereby opening 


the comipact structure do these enzymes attack 1 
Yet poteto phosphory hase has a molecular werght 
only 40 per cent of that of rabbit-musele phosphory! 
ase a (ref. 5 \ similar comparison can be made be 


tween the plant and animal branching enzymes 


Potato Q-enzyine synthesizes amylopectin from 
amvilose, and will not introduce further branches into 
amvVlopectin branching enzyme trom veast. 
which stores glycogen, acts on amylose to produce 


amylopectin but continues the branching process 
until the ce 


about twice that in amviopectin 


oe of branching is that of glycogen 


Degradative Enzymes 

Phosphorolysis and debranching The plant and 
animal phosphorvlases are exo-enzymes and in the 
presence of morganic phosphate they phosphorolyse 
amvlopeetin and giy« wen, rr spectively, until the 
points of branching are approached The limits of 
approach by potato phosphory hese have not been 
measured, but Cort and Larner®® defined those of 
mus¢ele phosphorylase after finding that the residual 
glveogen dextrin (9-dextrin) vielded glucose on 
treatment with amvlo-1.6-glucosidase This sug- 
gested a structure in which side-chains (4 chains) 
had been degraded to a single 1.6-linked «-ghuicose 
residue The outer length of each chain carry ing this 
residue (2 chains) was thought to be 5-7 glucos 
units Walker and Whelan*, however, found no 
such 1.6-bonded single glicose residues in the 
amvlopectin They con 


o-dextrins of glycogen 
cluded that both the attenuated A chain and the 
outer portion of the B chain were each four units 
long. Their explanation of the appearance of free 
glucose during debranching is that a transglycosylase 
repositions glucose residues in the g-dextrin to form 
the Cori Larner moleenle. then attacked by the 
glucosidase. \ preparation of the glucosidase was 
in fact found to contain a transglycosylase which 
repositioned the x-1.4-bonds of maltose and malto 
triose, but [llingworth ef a/.2” report the lack of this 
enzyme in a purified preparation Differences of 
group transfer also occur between the plant and 
animal debranching enzymes tin that the latter seems 
capable only of detaching single 1,6-linked glucose 
residues*® whereas R-enzyme only removes such side 
chains when they are two units or longer? 

x- and %-Amylases The actions of the «- and 
j-amyvlases, endo- and exo-enzymes respectively, are 
now well understood The enzymes are generally 
considered to be entirely specific for the hydrolysis 
of the x-1.4-glucosidie linkage. Certainly they do not 
hvdrolyse the «-1.6-branch linkages but caution in 
rigidly defining the speciticity is prompted by the 
recent report?! that a specific: 3-1,3 vlucosidase also 
hvdrolvses 3 1.4 glieosidie when the seo oare 
proximate to a 3-1.3-bond Also S-amvlase liberates 
both nigerose («-1.3-dighieose and maltose from 
Floridean starch®. 

The limits of action of the amvlases on linear and 
branched amylaceous polysaccharides have been 
defined The smallest natural substrate for either 
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enzvine is hvdrolysed to One and 
maltose, but it is maltotetraose which is hydrolysed 
at rates comparable with those of poly seccharider 
branch linkages offer partial and absolut: 


$- bonds In 


non-reducing chain ends of amylo 


tection to adjacent I, its enclwise pro 


pression from the 
pectin and glycogen, $-arnylas« 


the last «-1.4-bond 


init The fragmenting 


is unable to hydrolys 
suibst trite al 


7-armviases can carve the 


before n 


ibetituted glicoses away trom the poly sacchar dle. 
but not in the form of the 1.6-linked disaccharide 
rivalt one or more 4$-substituted glucose 


retrain im the fragments z-limut dextrins 
lhus the smallest «-lumnoit dextrin formed by malt 
yaumylase panose x-1somaltosvighicoss by 


human-salivary, pig-pancreatic and 
y-amviases it is the tetrasaccharide 4 
Bacillus 
pentasace haride, tentatively assigned a structure in 
joined to C-6 of the ce 
aa 


{xpergillus oryzae 


osyl 


whereas subtilis a-amviase vields a 


rinucose, 
which a-maltose 1s ntral ghicose 


residue in maltotriose 


Glycogen-Storage Diseases 
\ practical outcome of work in a largely academu 
field of 


inherited disorders 


research has been the explanation of the 
characterized by abnormal deposits 
organs Phe subject 
been reviewed very and will be mentioned 
here only briefly. Of the six types of disease listed by 
Stetten and Stetten® 


atoraue has 


of glycogen in the 
recently 


. four are associate ad specie ally 
with the irripairment of a parti ular enzyme of the 
ylycogen eve le In the two other types neo specific 
lesion has vet deteeted When the 
resides in glucose 6 phosphatase (Von 
phosphorylase (type VI) the 

glycogen in the diseased tissue has a normal structure, 
but has undersized outer Chains; when the debranch 
ing enzyme is deficient (type IIT) or a low degree of 


been 
defierency 


Ciierke’s cdlisease or 


branchu gr in the ty pe lV disease, assurned to be due 
to lack of branching enzyme 


If glveogen synthetase and phosphoryiase are to be, 


thought of as opposing forces then a lack of the latter 
This 
indeed happens in tyy \ I disease, known ink human 
and liver. The normal structure of the 
resulting glveogen implies that the branching enzyme 
is in a concentration sufficient to cope with the extra 


should lead to excessive amounts of glycogen 


mhusele 


early in 
work with phosphorylase that synthesis from glucose 
i-phosphate with crude rabbit-muscle extracts led 
to arnvlose-like material®*, that is, the chain-ler gthen- 


glucose polyme rized. It Was observed very 


ing and chain-branching enzymes were in an entirely 
unfavourable ratio for glycogen formation. 
rabbit 


Glycogen 
howe ver, 
less than 1 per cent of that of phosphorylase and the 
balance of 
therefore be for glycogen synthesis 
lhe activity of synthetase in rat muscle is known to 
for the 
being svnthesized!*:*?, but the level of glucose 6 phos- 


aevnthetase activity in muscle is, 
with branching enzyme must 


favourable 


synthetase 

more 
be sufficient to account amounts of glycogen 
phate in rat liver, necessary to activate the enzyme 
(see above). is so low as to limit the rate of synthetase 
The relative activity of 
phosphory lase can be seen as vet another reason for 


tion! EXCESSIVE muscle 
relegating the enzyme to a place in the catabolism of 
giveogen, saving that the supply of adenvlic 
acid ¢ ould re culate the action of phosphory lase b 


only 


rests of activity of enzymes in heart and liver from 
‘ es of tvpe Il disease failed to reveal an enzyme 
deticienevy which could account for the 
The results are, however, disturbing in 


of 


glycogen** 
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revealing a total absence of glycogen synthetase n 
four. and a marked deficiency im two, of the six 


organs ¢ xarmmined, sults are obviously 
patible with the 


face 


The 
excess of 


found in the 
point to the existence of 


iat 
tissues and at value 


vet another pathway to glycogen. 


Enzyme Structure 


Many of the different amylases and phosphory lanes 


ha and sore facet ot 

The most significant recent 

field has been their recogn 
All contam at 


atomic proportion of calemm, essential both for the 


ve been crystallized 
structures are 
in the 


as metallo-enzvines 


emerging. 
mivance lease 
tion least one 
activity of the enzyme and to preserve its integrity, 
against the depredat tons of proteases Possibly thre 
calcium maintains the amylase molecule ina configura 
proteolysis subtilis 


uniting two 


tion unfavourable for 
also contams an atom of zine, 
both ol 


and absence of zine. 


lease 


protein moieties, which are active in the 


presence End groups of sortie 
y-amvlases have also been identified 

Human-*, rabbit-*'!, lobster-muscle*? and potato*' 
phosphorylases contain pyridoxal phosphate \! 
though the rabbit- and lobster-mus¢ le enzymes are 
reversibly inactivated on removal and re-addition of 
ps ridoxal phosphate, removal being effect d by acid. 
borohvdride renders the 
pyridoxal acid stable yet does not destroy enzynuec 
activitv’’. The reduced @ and / enzymes are, 
still interconvertible. Rabbit and human a 
enzymes contain 4 molecular proportions of ps ridoxal 
phosphate, the b forms and potato phosphory lase 
Although lobster- and rabbit-muscle 
phosphory lases a are converted into the 6 forms by 
lobster- or rabbit-muscle phosphory lase phospha- 
tases’? (this interchange of enzymes does not apply 
in the 
alter in molecular weight*? but the muscle enzyme 1s 
halved in weight®. Likewise dog-liver phosphorylases 
a and are equal in weight" Human-**, 
and lobster-musele®? / enzymes require adenylic acid 


reduction with sodium 
more 


over, 


2 proport ions. 


~a reaction). the lobster enzvme does not 


rabbit -? 


for activity, but dog-liver phosphorylase 6 is enzymuc- 
ally inactive* Human- and rabbit-muscle phos 
phorylases are immunologically identical*®, but dog 
liver and -heart phosphory lases are immunologically 
different**®. The phosphate removed by phosphatase 
from rabbit-muscle phosphorylase a is attached 
to serine®. Digestion of a with trypsm 
removes both serine and phosphate as a hexapeptide. 
Lys. Arg, leaving a phos- 
phorylase 6’, active in presence of adenylic acid, but 
no longer convertible into the a form. Therefore 
serine phosphate is not concerned with phosphorylase 


enzyme 


activity. 
Outstanding Problems 
Of the enzymes listed in Fig. 1, only the phosphory| 
7.48 and Q-enzyme*® have ervestallized. 
Purification of enzymes has so often led to the dis- 
eovery of new catalysts and such experiments are 
Trie* 


been 
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essential preliminaries to studies of specificity. 
unsolved problems of specificity have been touched 
on, for example, the requirements of animal phos 
phorylase and glycogen synthetase for branched 
primers of high molecular weight. The suggestion 1s 
prompted that they may need to form an alliance 
between pairs of chains befor adding a glucose unit. 
Such an alliance is the present accepted idea of the 
action of the branching enzymes*®. Searching in- 
quiries into substrate specificities require a wider 


_ 
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ite Of substrate than is provided by Nature and 
ifie chemical modifications of amvlose are beiny 
ule. to provide such materials It is mow known. 
example that removal of the oxvgen atom of the 
arv hvdroxyl groups in amvlose renders the 
mer resistant to S-an Vlolvsis and phosphoroly 
t not a-amvlolysis 


Phosphory lase has been cited as an ¢ Xarple of an 
transformation 


Another 


ch example is provided by the enzyrne capable of 


vme capable of performing a 


» Which it is not called on to do én 


direct’ biosynthesis of sucrose from 
phosphate vlucose This nzvme has now 
en assigned the reverse rol n ro, svnthesis of 


Another case 


he necessarv Is 


rose 


ig to take place SUCTOSt 
reconsideration mia 


Many of 


hvdroxvls as Wel 


sosphiate here 


hydrolases these 


now found to transfer to sugas 


that the 


the alternative rece ptors 


is 10 Water Calculations show affinity of 


The emzyvine for hvdroxvls u 
than for w 


thiaat thre 


rust be far greater iter and the POssl 


thus emerges function of such 


enzvine may have nothing to do with hvdrolvsis 


There are some carbohvdrases the fumetion in 
Vineh is stil a matter for conjecture Prominent 
these are the amvlases 3-Amvlase occurs in 
plants in large amounts animals seem not to require 
t—but no enzyme of comparable activity occurs 


tlong with the amvlase to cope with its product of 
both 


absent. 


wetion, maltose The enzyme oceurs where 


starch is abundant. in as im the 


cereals, or 
ova bean z-Amylases in the dig 


but what is the 


stive tract ar 


accounted for funmetion of the 
all amounts of x-amylase that pervade most living 
SSUe Fig. | is a conventional r presentation of 
elveogen and 


n that it off 


starch metabolism and is incon plete 
Increasing or decreasing 


rs ho means of 


total number of polysaccharide 
im the 


gans by multiplving the number of pruning muclei 


Possibly x-armmvlase funetions glycogen-storay 


by hydrolysis. Given as ipply of glucose, D-enzyine 
can do the same thing and can also assist in remo. ny 
primer, as explained elsewhere It is worth noting 

so that Fig. 1 contains no means of creating primers 


here none existed. x-Amvlase decreases the number 


t x-1.4-bonds, D-enzvme funetions without changing 
er number and whereas phosphorylase and glycogen 
rat he tase synthesize 
preformed x 


an only do 
1.4-polvmers are present Is there 
perhaps in plants and animals a svstem to ¢ reate the 
essential primer? Such 


such bonds, they « 


svstems are known in other 
Honey invertase acting on sucrose forms 


higher 


altosvifructose and homologues and 


\ a meningitidis and beer lactobacilli®* svn 
thesize maltose from %-glucose 1 phosphate and 
Such a system. coupled with a trans 


elveosviase like J)-« nzvme, could provide the neces 


“ary primer 

Beyond these studies of isolated eNnZVMeS 
come attempts to integrate the enzymes into self 
sifficient eveles operating in vitro Though the 
wivances in the glycogen and starch field have far 


outstripped those in anv other field of polysaccharide 
the multi-enzyme 
av well become a practical objective only in the 
bevond this. 


hnosvnthesis. the goal of svsatem 
decade 
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OBITUARIES 


Sir David Rivett, K.C.M.G., F.R.S 


Wirn the death of Sir (Albert Cherbury) David 
Rivett in Sydney on April 1, there passed from the 
Australian scene a man who had contributed pe rhaps 
more than any other to the present healthy state of 
Australian science. Entrusted as Chief Executive 
Officer in 1927 with the management of the Council 
for Scientific and Industrial Research. Rivett and 
his colleagues contrived. in a country woefully weak 
in research, to create an atmosphere in which it 
could flourish 

The men they appointed and supported whol 
heartedly did much to inspire the confidence of the 
pe ople of Australia in the economic value of research 
Rivett saw cleerly from the outset that his scientists 
had to be free to tackle their problems on as fiunda- 
mental a basis as was necessary for their solution 
So the men who solved some of the outstanding 
problems of the farmer and the pastoralist also 
contributed to the deve lopment of science. Nowa- 
days, basic res arch is a recognized prerogative of 
the Commonwealth Scientific and Industrial Research 
Organization, which continues to be known almost 
as well overseas through its contributions to science 
as it is withim Australia for its long run of outstanding 
practical SUCCESSES. To Rivett. first and foremost. 
should go the credit for this. 

tivett, while chairman of the Council for Seient ifie 
and Industrial Research during 1946-49, saw more 
clearly, and at an earlier date than most scientific 
leaders throughout the world, the troubles that come 
to a scientific research body from secreeyv. He was 
persecuted by minor politicians for his belief that 
security and secrecy are not synonymous terms 
But he never ceased to fight for the principle that 
entific research necds freedom, and I believe that 
he thereby saved his beloved Council for Scientific 
and Industrial Research from lethal restrietive 
controls 

What sort of background produced this man for 
whom Australia had so great a need? David Rivett 
was born in Tasmania in IS885, the son of a Con 
giegationalist munister of large family and slender 
means His secondary and tertiary education, 
maimly im the State of Victoria, had to be self 
supporting It culminated in a Rhodes scholarship 
vhich took him to Oxford for work under Sidgwick 
In Stockholm. with Arrhenius, he became recognized 
as a physical chemist of great talent; his own notable 
contributions were mainly in phase rule studies and 
hetere geneous quilibria. 


After munitions work in England he returned as a 
lecturer to the University of Melbourn: There he 


rejoined Sir David Orme Masson, who from thei 
first meeting had had a boundless admiration for his 
abilities. It was inevitable that when Orme Masson 
resigned in 1924 Rivett should be invited to sueceed 
his mentor. He filled the chair with distinction, but 
after only three years the call came to wider respon 
sibilities with the Council of Scientific and Industrial 
Research; this he accepted 

Rivett was acknowledged a leader wherever he 
went. He was general president of the Royal Austra 
lian Chemical Institute in 1940 and 1949, president 


of the Australian and New Zealand Association fo: 
the Advancement of Science 1937-39, and president 
of the Society of Chemical Industry of Victoria in 
1930 and 1931. A toundation member of the 
Australian Academy of Science, he was one of its 
first vice-presidents. The Australasian Institute or 
Mining and Metallurgy made him an honorary 
member in December 1943 for his services to the 
mining industry of Australia 

Well known abroad, he was president of the 
Society of Chemical Industry of London in 1949, 
and was a Fellow of the Roval Society from 1941 
He was created K.C.M.G. in 1935, and held the 
honorary degrees of D.Se.(Oxon.). D.Se.(Manchester 
and LL.D.(Australian National University 

Despite all his honours and distinctions, Rivett’s 
greatest love was to visit one of his laboratories and 
to hear at first hand what the vourg research officer- 
were doing. He was proud of the staff he had gathered. 
trusted its scientific ability implicitly, and fought 
for its freedom. No believer in the planning of science. 
he had the acumen to sense and oppose any impending 
restraint before it was openly formulated. Once on: 
had gained his confidence he was a megnificent 
friend and backer; he believed in delegating respon - 
sibility and with it any credit that accrued, but in 
times of adversity he it was who wished to shoulder 
the blame. 

Rivett married, in 1911, Stella Deakin, the daughter 
of a distinguished Australian statesman. She and 
their two sons survive him. 

His friends throughout the world will deep) 
mourn his death. Their final thought of David 
Rivett will be of a man who gave magnificent servic 
to the joint causes of science and humanity 


I. W. Wark 


Prof. K. Koshtoyants 


Pror. KacHatuR KosHTroyants, whose death 
occurred on April 2, was a well-known figure among thi 
physiologists of Moscow, the director of an active 
research institute and a stimulating and popula: 
teacher in the University. Kachatur Sergeyevits! 
Koshtovants graduated in medicine m 1926, but his 
interests always lay in the field of « omparative phy Sie 
logy, particularly that of the nervous system. Du 
ing 1930-31 he had been to Holland to work m Prot 
Jordan’s laboratory, and five years later he was mad: 
head of the Department of Evolutionary Physiolog, 
in the Institute of Animal Morphology of the Academiy 
oft Serences in Moscow. From 1943 onwards he Wie 
also professor of animal physiology in the Universit, 
of Moscow. His more recent research dealt with 
neuro-muscular transmission from PAratly 
biochemical point of view, and he was the author ot 
a comprehensive treatise on comparative physiology 
as well as of several monographs on the history ot 
physiology in Russia. Physiologists who have visited 
his laboratory in Moscow will recall his kim 
hospitality as well as the range of his researc} 
interests, and will wish to express their sympathy to 
his colleagues in the University and the Academy 

ADRIAN 


= 
4 
i 
q 
aha 
| 
a 


June 10, 1961 


4760 


NATURE 


959 


NEWS and VIEWS 


Prof. Olaf Holtedahi, For.Mem.R.S. 

Pror. Hotrepant, of the University of Oslo, 
recently elected a foreign member of the Royal 
Society. is best known for his geological researches on 
the Caledonian mountain chains of Norway. but he has 
also distinguished himself as an arctic and antarctic 
«explorer, as a physiographer, and as a palwontologist. 
Jorn in 1885. he published his first paper while a 
student at Oslo in 1909, on Lower Paleozoic rocks 
of the Lake Mjosa nearby 
ejties in the world have the 
Oslo as a centre for studying geology, and no doubt 


classical region Few 


nspired by the unusually fine sequence of Eocam 
brian Paleozoic strata here exposed, he soon extended 
his researches to similar rocks in the northern district 
of Finnmark. much of which he mapped as a State 
veologist. A long list of publications during this 
period includes an outstanding paleontological mono- 


graph on the Strophomenide In 1920 he was 
appointed professor of historical geology in Oslo, 


vhere he worked up the geological results of an 
earlier expedition to Novaya Zemlya, and a few 
vears later he led the Lars Christensen expedition to 
Antarctica, afterwards editing two large volumes of 
Attempts to correlate the geological striuc- 
Norway and Britam 
contacts with British geologists. cemented during 4 
Norwegian which he conducted for the 
Geologists’ Association in 1934 and resulting in his 
William Smith Lecture to the Geological Society of 
London. in 1951, on “The Structural History of 
Norway Relation to Great Britaim’’. His 
two-volume survey of the geology of Norway, pub- 
lished in Norwegian in 1953, was written in simple 
form to local revival of geological 
studies, particularly in schools. A Russian trans- 
lation appeared during 1957-58. and an abridged, 
re-written, English, with 
from colleagues. was produced for the International 
(seological Congress last year. 


reports 
tures ot 


gave rise to close 


excursion 


and 


encourage a 


version in contributions 


Eimer Verner McCoilum, For.Mem.R.S. 
Pror. also elected a foreign 
ber of the Roval Society. is best known for his pioneer 
work on vitamins, which ranks in importance with 
that of Gowland Hopkins. Like Hopkins, he found 
that would not and thrive on ‘purified’ 
diets containing proteins, fats and carbohydrates in 
correct. proportions. Unsuccessful attempts to make 
such diets life-sustaining by Improving their palat- 
ability led him to the classical experiment (with M. 
Davis). published in 1913, showing that butter and 
the ether-soluble material in 
growth-promoting substance lacking in olive oil and 
lard. which was designated ‘‘fat-soluble A’’. In 1915, 
MeCollum discovered another growth factor, present 


The 


rats prow 


egg volk contained a 


in water-extracts of wheat germ and egg yolk, which 
and 


anti-beriberi 


was called water-soluble 2B provisionally 
identified with Funk's vitamine 

MeCollum initiated the practice of assigning letters 
to the vitamins, which later proved somewhat un- 
satisfactorv. but the combination of letters with 
Funk's new word gave the world a term with great 
popular appeal. Born in Kansas in 1879, MeColhum 


natural advantages of 


has had a most productive scientific career. Originally 
trained in chemistry, he turned to biochemistry 
during an appointment in agricultural chemistry in 
Wisconsin. During 1917-46 he was professor of bio 
chemistry in Johns Hopkins University in Baltimore, 
and afterwards professor emeritus In addition to 
his investigations on vitarnins, he has made remark- 
able observations on the effects cf dietary deficiency 
He was among the first to 
grasp the bearing of modern nutritional science on 
human welfare, and the earlher editions of his book, 
The Newer Knowledge of Nutrition (with Nina 
Simmonds). became the *Bible generation of 
nutrition workers. During recent 
scholarly of the 
nutrition 


of zine and manganese. 


of a 
vears he has made 
the science of 


studies history of 


Academician A. N. Nesmeyanov, For.Mem.R.S. 


ACADEMICIAN A. N. NESMEYANOV, 
the new foreign members of the Roval Society, has 
just retired from the pre sideney (see following para- 
graph) of the Academy of Sciences of the U.S.S.R. He 
has thus taken a leading part in the organization of 
country. He is the director of the 
Organo-Element Research Institute of the Academy. 
He is eminent as an organi particularly for 
his development of the chemistry of organic molecules 
which contain a metal o1 element outside the 
usual few which most organic chemical 
compounds. It fact that, in the first 
century of its rapid development, organic chemistry 
has used very few elements. With the whole Periodic 
Table to choose from, Academician Nesmeyanov has 
set its head towards a much more expansive pro 
cemury. Outside his main 
tield he has developed several fields of great impor- 
tance, the reaction, with 
applications including the synthesis of w-amino-acids, 
the ferrocene 
silicon chemistry, including telemerizations involving 


another of 


science in his 
chemist, 


is a striking 


gramme in its second 


notably telemerization 


substitutions im nucleus, and organo- 


New President of the U.S.S.R. Academy of Sciences: 
Academician M. Keldysh 


ACADEMICIAN MstisLay KELDYSH, @ prominent 
mathematician, mechanical engineer and computer 
expert, has been elected as president of the U.S.S.R. 
Academy of Sciences. He Alexander 
Nesmeyanov, who has resigned at his own request, 
that he had held this administrative 
office for more than ten vears. Nesmeyanov himself 
Keldysh as his suecessor. Academician 
Keldysh graduated from the physics and mathematics 
faculty of the University of Moscow in 1931 at the 
age of twenty and won his doctorate in 1938. He 
worked for several years in the Central Institute of 
Aerodynamics. Theories he elaborated have led to 
effective methods of eliminating ‘flutter’ in wings and 
tail units of aircraft. 
new designs for hydro-foil ships. 


succeeds 
pomting out 


nominated 


His theories also resulted in 
From 1932 he was 
first a reader, and later a professor, in the Moscow 
State University. In 1943 he became a corresponding 
member of the Aeademy of Sciences and in 1946 


at 
Rona: 
erik 
to 
2 
4 A 
silicon 
“iat 
; 
x 
Wi 
we 


{eademician Keldysh has rade miajor contribution 

to the developmer ileulus, to computin 
nig jlit ts of automat rte 
mt ‘ 


Dr. R. A. Smith, C.B.E. 
en appoint a to the 
to Prot 
Physics Depart 


Physics at Sheffield 
Dr. R. A 


of physics at 


SMITH 
im stce 


Sucksmith, is at present head of the 


nt. Roval Radar Establishment, Malvern After 
raduating with tirst-class honours in mathematics 
md natural philo ophy at Edinburgh in 1930 and with 
first-class honor nm mathematics at ¢ ambridg im 
1932. he did researc! ork in the Cavendish 
Laboratory for hich he received the degree of 
loctor ot philosopt in From ther until he 


lecturer im physies at the University of 
1939 he was Carnegie Research Fellow im 
Andrews In 


Reading im 
the University of 
nvited to 
tablishment, 
ment m 1945 The re 
Departrnent ut Mal! 
pha Cs, lov 


he was 
porn tons Research 
oming head of the Physics 

earch programme of the Phystes 
lacing 
physi 


Depart 


ern covers a wide field ine! 
emi-conductor temperature 


nira red spect ros rr rowave pha sies, electronics 


and plasma physics It includes a theoretical phys: 
roup and a mathematical group, the latter bein 
pecially interest« d in electronic digital computation 
a number of papers and books 
and The Wier 
made 


ssor of 


Dr. Smith has written 
Rau.o Aids to Navrigati 
of Crystalline S pide. He wa 
Smith's appomtment as 
from October 1. 1961. and he 
as head of the Physics 


im pte raber 


nelhiding 
mechanics 
mn LOGO Ir 
will 
Prof. Su ksrmith 


when the latter 


physies 

neceed 
partment 
rane? 


Director of the British Industrial Biological Research 
Association : Dr. Leon Golberg 


Dr Le ON COLBERE has been appornte clires tor ot 
Biologieal 


the recently formed British Industrial 

Research Association (see Nature, 188 O72; 1960) 
Dr. Golberg is at present m dieal research director of 
fenger Laboratories, and it is exp ected that he 
will take up hi ap with the \ssociation 
towards the end of the vear Born in Cyprus, Dt 


Golberg was educated in) South Africa, where he 
graduated in 1935 with honours in organi 
at the Universit of Witwate rsrand he 
gained an m phi sical echemustrs He 
to the United Kingdom and for two years 


Robert Robinson's research 


chemistry 
following 
vear he 
t he m came 


member of Sir 


at 
team at Oxtord irrving out mvestigations 
organic chemistry In Mav 1939 he returned to the 


remained in 
World War, 
variety of nutritional problems at the 
which he himself established) 
of the Union Detence the South African 
Institute tor Mecheal Research After the War he 
| nited Kingdom and spent six years 
Cambridge, 


Witwatersrand, and he 
the Second 


ersityv of 
\frica 
working on a 


biochemical laboratory 


South throughout 


Force at 


returned to the 
studving medicine at Emmanuel College. 
University College Hospital Medical School, London, 
Addenbrooke 8 Hospital, Cambridge After 
he leeturer in 
at the University of Manchester. 
director ot Benger 


and 


qualifying im senior 


ame 
chemical pathologs 
and in 1955 medical 


Laboratories, 


research 
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Research Reactors for Universities and Technical 
Colleges 


IN reply to a question im th House of Comunot 
on May 9. Mr. D Freeth. the Parla i 
for Scpem said that the Ceovernment had appro 
im principle the provision of three muclear reac 

hich ould be available to universities and colleg 
of technology for teaching and t rel On il 
be sited in Scotland and one in Lat hire. ane it i 
propose L to site the third im th London area, vhere 


t would be available to the Imperi of Seren 
Pechnology. 
Mr. Freeth wa 
Author tv Was 


reactors. but was undertakin researc! 


and other unstitutions London 
advised that the 


not at prese mt anil 


ana 


anv fields whieh would be applic ibk 
May 
Authorits 


WOrkK 


and large reactors In a written answel rr 
Mr Freeth that the {tomue Hmergy 


polearure to 


said 
coneentrate at Culham all its 
pliysies and controlled thermonuclear re 
The site was bern it CLOpe Lin the e staves 
of which the first, including a large experi 
should b 


taue. to be che veloped bv rid 


completed early in 1962. while the se 


provision of laboratories and a lecture theatre 


U.K. and U.S.S.R. Collaboration on Peaceful Uses 
of Atomic Energy 


A FORMAL agreement providing collaboration on 


the peaceful uses of atomic energy between the 


U.S.S.R. State Committee of the Council of Ministers 
for the Utilization of Atomic Energy and the United 
Kingdom Atomie Energy Authority was drawn up, 


following a meeting of the two 
! held at the headquarters of the Authority in 
Among the re 


representatives ot 


London durmg May 15-16 presenta 


tives. and signing the agreement on behalf of th 
two bodies. were Prof. V. 8S. Emelvanov, chairman 
of the State Committee, and Sir Roger Makins, 


Under this agreement 


chairman of the 
the bodies 
visits to tacilities mn 


Authority 


coneerned will organize conferences and 


eountries by 
the 


for periods of 1-2 


their respective 


groups ot 


these will last 


comparable specialists from other 


country; normally, 
Visiting 


and State ¢ 


weeks, ana ot 


provide for 
The Authority 
indertake re ciprocal exchanges of unclassified report = 


specialists ormmittee Ww 
concerned with the ful uses of atomic energy 
Information of commercial value will be exchang: d 
only at such times and on such commercial terms as 
may be agreed in each case It is hoped that this 
interchange of new 
ineluding 
their 


and 


will enable the 
instruments and 
and apparatus 
medicine, biological 


avreement 
scientific equipment, 
designed for 


research 


radioisotopes 
application Im 
The 


period of five years 


avreement will foree for a 
Among the 


are > 


remain 
fields of collaboration 


industry 
agreement nuclear physics : 
radiation 
elements of 


envisaged the 
solid state phy SICS ; 
chemistry of 


basic ehemistrv; in- 


organic importance in 
nuclear science and technology ; research on isotopes 
plasma 


phvsies; 


and research or the application ot isotopes ; 
physies ; high-energy 
experimental fast reactors 


physies; reactor 


Conservation of Wild Life 

A RECENT issue of The Bulletin of the International 
Union for Conservation of Nature Natural 
Resources (9, No. 7, 3; 1960) outlines the efforts being 
made in various countries, especially Thailand and the 


and 
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Netherlands, to promote the 
In Thailand the 
according to the experience of 
and the forest law, 
is metfeetive in preventing 


objectives of mature 


conservation game law is being 


revised laws 


in other countries, too, is also 
being examined since it 
destruction; settmg aside of the primitive regions as 
natural reserves and national parks is also under 


Tr the Nether 


um of about 2-2 million dollars has 


consideration national budget of the 
a 
armarked for nature 
million dollars for 
nded for the p 
their 


lands for 
prote etion 


as 


1959 13 


been 
with the sum of 1-2 
rnillion dollars is inte 
and 300,000 
it which 
"10.000 dollars respectively tor 


ar hase of re 


dollars 
1a5u In ack 
Kcolo 


dollars for 


compare with 630.000 


peer sonnel ot the 
Nature Protection 
n 1950. to 21 


The City Museum, Sheffield 
CHE combined annual reports of the City Museum, 


Sheffield. for the two vears [958-60 form an inspiring 
and initiative bv a relatively small 
Sheftield City Museun 


niche r- 


record of progress 
staff (Pp. 2044 plates 
a6] The theme of service to the community 
i's the ork ot this Muse itti. 


evening opening im the 


nt Its 


activities is that of 


inti) 8.30 pom. and tl vanization of more than a 


madred demonstrators at the Unesco exhibition. 


The Kart} is a Planet New 


vellers metal-work, 


displays imelude 


medieval 


] 


and 
and one illustra 


British bats, 
rutin 


and forms in extinet anin 


portery 


Saxon 


and sculpture, 


South African Prehistory 


January and February tissues 
Journal of Ny 
archeologists. R. J 
the problem of the earliest 


Africa. P. 


views on the 


able imterest to 


jience contain articles of consider 
Mason discusses 
tool make rs in South 


lobias brings forward new evidence 


and new evolution of man. and Gordon 
Cramb continues his report on the excavations under 
Holley shelter near Wartburg. Natal 
the first report appeared in the 
ago as 1952. Mason's conclusions are 
interesting m view of the 
date in the He savs that up to now in South 
Africa there is no stone tool-making 
earher than the complex Acheulean 
which os possibly equival nt to Olduvai Gorge Bed 2 
Phe re 
for the use of bone for 
earlier date, but at 
been found with them 
Wells. who has suggested 
n South 
He claims 
found at 
Ph mtocem but Middle 
argues that the ‘Rhodesioids’ are 
Afmean Middl hominids, 
these later gave rise to the Boskopoid and Bush types 


taken at the 
same yournal as long 
certainly very 


human finds of verv early 


reyvion 
evidence for 
earlier 


stage, 


evidence at the limeworks site 


tool-making purposes at an 


seems to be 
pre sent no stone implements 
Tobias does not agree 
that the 
Africa was possibly 
early 


have 
with Dr 


basic 
proto- 
that an 
Kanam in Kenya ts not early 
date. He 
trom the 
turn, 


proto 
such as that 
Pleistocene in 
derived 
Pleistocene and. m 
roles of cultural and natural 
selection in South African human evolution \ verv 
bibliography is appended. The Holley 
has vielded artefacts belonging to 
Ages from the upper layers. Below 
them a of Middle Stone Age been 
unearthed From both these levels carbon samples 
were collected and these were analvsed at the Britis 


Tobias also discusses the 


extensive 
rock shelter site 
the later Stome 

has 


Series tools 
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Museum. The results seem to be 
24-in. layer 4,490 years 


30-in. layer 18.200 vears 500 vears 


and 


Voars, 


Instrumentation in Industry 


As a means of increasing the application of scientifie 
Department of 
produced another of 
lustruments in the 
Phomson, director 


(ssocia 


inereasing use of 


method to industry the Screntifie 
and Industrial Research has 
its popular booklets. This one. 
Factory. has been written by Dr. J 
of the Instrument Re 


tion, 


British Scientific earch 


and shows that, despite the 
manufacturing processes, 


instrument in modern 


for improving tnstrumentation 
! 


there is still 
industries Vp 
and Industrial 


control of water ten 


Department of 
Thermo- 
an exa nple of 
Phe smoke 
OgnIZe, 
of the 


nost i2 London 
Screntifie 
stati 
how iumstrumentation 
detector is another; its usetuln o.re 
and the 


efficrent use nel 


absence of smu indication 


{nother 


rt inn 


eurs in tlow 


asurement often. pa smaller firm 


¢ t! quids in 
Processt a i | cre of 


Simple robu vatlable In 


vay the ‘tl 


vith advantage 


from “inst 
vill find from 
control can often 
and automation can sed to 


a study of t hat automatic 


take forms; iupstru- 


mentation improve 


prod ict= 


Hyperon Stars 
nsion of \ 4. Ambartz 


S. Saakvan (Pri 


ian hy pothe 
wla, 11, 
stellar 
recont 


THE ext 
iar evolution led ( 
14; hypothesi of 


evolution 


1960) to develop a new 
based on the findings otf 
cles, According 
white 


certam 
discoveries of new elementary 
to this hypothesis dense stars of the type ot 
dwarfs’ on further contraction become neutron stars 
During this them density 
approximately 104 gm. en 10 
With a further increase of density to 
these hyp ron 
more stable 
of such hyperon stars in equilibrium is approximately 
the size of thew 
radius is of the order of a few Only the 
central part of such The 
outer zone is made of neutrons, while the outermost 
part is The 
enormous pressure inside such stars is balaneed by 
the force of gravity, but when such an equilibrium is 
disturbed hyperon stars are liable to explode with a 
terrific violence, not unlike the explosions leading 
to the formation of the ‘nova’ stars. 


process changes trom 
about 10° gm./em.*. 
10° gin./em. 
become Stars 


stars represent ing a 


state under such conditions. The mass 


Sun. while 


the sarne as that of the 
Kilometres, 
stars contains hyperons 


made of bare nuclei and electrons. 


Scientific Information Notes 
Scientific Information Notes tor 
1961, the National Science 
notes that the Foundation is supporting a two-year 
investigation of the line-formula notation for repre- 
senting chemical structural formule as linear arrays of 
This is part of an extensive study of chemi- 
eal notation systems. The Foundation is continuing 
to support the Harvard University project for research 
on automatic translations and mathematical linguis- 
ties. It is also giving partial support to the abstract- 
ing office of the International Federation for Docu- 


February -March 


issued by Fouidation, 


svmbols 


= | 
24-in 
ut, 
ind 
Litt 
ape 
“4 rive 
facturimn 
the same of a liquid can also be 
44 
A 
; 
4 


mentation, which is developing a world inventory of 
scrontihie abstracting Services, and establishing an 
clearing house for information on 
and techniques. The Federation 
hus also recommended t} formation ot a Croup on 
Mechanical Storage and Retrieval; the Ford Founda 
tion has announced a grant of S milion dollars to the 
Library Kesources, Ine., for continued 
library methods, with emphasis 
the 


international 
abstrac Tings 


Council on 
research to improv 
on ways of storing and finding information in 


library of the future 


Peasant Agriculture in the Tropics 

\ VALUABLE review of different systems of peasant 
agriculture in various parts of the tropics is made by 
KE. W. Momber, School of Agriculture, University of 
Cambridge, in of Rural Life (6, No. 1; 
1961). Momber analyses existing practices in Northern 
Rhodesia, 
nearly all peasant systems were evolved to carry a 
vhere there wa 
and that the 


recent isstie 


Panganyika and Nigeria and shows that 


subsistence econom s plent v of land 


and few opl traditional systems of 


peasant agriculture are not basically unsound for the 
IP pose for which t he \ ere cle signed To Lay they 
are being asked to per rform tasks which they were not 


che signe d to carrv ort 


Sheep Husbandry in Northern Ireland 

A FEATURE of farming in Northern Treland during 
recent years has been, says the Ministry of Agriculture 
of Northern Ireland (Government of Northern Ireland 
Ministry of Agricultur Leaflet No 17 Shee p 
Husbandry. Vp. 26 Ministry of 
1961), an merease of the number of shee pre ared 
from 654,000 in 1945 to 1,097,000 in 1960 Important 
been the 


Agricul 


felfast 


ture, 


factors in this deve lopmne nt have 
manuring and management and the 
cattle. The leaflet 
and sizes of 
shee P flocks, the mating, management and diseases of 
It is written 
certainly a 


ment in pasture 
high st of 
breeds oft 


store 


the 


relatively 


cliscusses sneer, types 


sheep and the handling and care of wool 
non-technical language and is 


ard sent to Belfast 


in clear, 
very good exchange for a post: 
Damage to Maize in Nigeria 

[EXAMINATION Of samples of muaize from 
Ibadan, Nigeria, over a period of 
H. Caswell of the Department 
College. Ibadan, Nige ria, 
by Calandra oryzae, L.. 


obtained 
market traders at 
fourteen months by ( 
of Agriculture, Uru 
ved that damag 


show ive to 


ersity 


the only important pest of stored maize in this 
region, is slight compared with damage by the same 
insect in other countries West Africa Ne 


6. No. 1, 
the fact 


culture 


February 196] This is probably due to 
that 


and store Ze’ On 


t system of shifting agri- 
their farms where Calandra 


farmers 
is not endemu Shrovelel the practice of e¢ ntral storage 


heconnu is likely to merense 


The Institution of Metallurgists 

Ar the seventeenth annual general meeting of the 
Institution, held in London on May 17, Dr. N. P 
Allen, superintendent of the Metallurgy 
National Physical Laboratory, was elected president 
for the year 1961-62, in to Mr. W. E 
Bardgett. The following elections were also made: 
Senior Vice-President, Dr. E. G. West, technical 
director, Aluminium Development Association; Vice- 
Presidents, F. Dickinson, director and general manager 


Division, 


succession 


of the Development and Research Department, 
International Nickel Co. (Mond), Ltd., and Dr. L. 
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Northcott, principal superintendent, Materials Divi- 
sion, Armament Research and Development Estab- 
lishment, Fort Halstead (War Office); Honorary 
Treasurer, L. W. Derry, head of the Metallurgy 
Department, Battersea College of Technology ; Mem- 
hers of Council, H. Morrogh, director, British Cast 
[ron Research Association, Alvechurch, Birmingham. 
S. S. Smith, research manager, Imperial Chemical 
Industries, Ltd., Metals Division, Kynoch Works, 
Witton, Birmingham, and Dr. J. C. Wright, reader 
in Industrial Metallurgy, Birmingham College ot 
Advanced Technology. 


The Linnean Society of London 

Ar the anniversary meeting of the Linnean Societ v 
of London, held on May 24, the following were eleeted 
officers for the session 1961-62 President, Prot 
Thomas Maxwell Harris; Treasurer, the Earl ot 


Cranbrook: Secretaries, Dr. C. R. Metealfe (Botany 


Dr. H. G. Vevers (Zoology), Dr. John Smart (Edit 
orial Vice-Presidents appointed were: Prof. A. R 


Pantin, the Earl of Cran 
brook and Dr. W. T. Stearn. New embers of Counce 
elected : Mr. P. R. Bell, Mr. J. B. Gillett, Prof. Tom 
Harris, Dr. D. M. Kermack and Dr. Sydney Smit} 
Linne an Gold Medals were presented to Mr Edmun i 


Clapham. Prof. C. F. A. 


William Mason and Dr. Frederick Stratten Russel 
Dr. Mary Agnes Chase, of the United States, ani 
Dr. Franz Petrak. of Austria, were elected foreign 
menibers 
The H. G. Wells Society 

Poe H.G. Wells Society has recently been tomneded 
to promote and encourage an active interest nh 
and an appreciation of, the life and work of on whe 


made such great contributions in many directions 
during the first half of this century Educated as a 
scientist, he inspired persons of all persuasions to 
take nothing for granted and to examine fundamenta 
Crovernment, 
and Ts 


Society 


principles in all activities, particularly 
scrence 
The new 
s non-political and non-sectarian, and s eks only 

tind that which is good in the thought, word and deed 


used as a memoria 


history, planning, possibilities of 


potential assistance to mankind. 


of a great man and which can be 


to one who filled a great gap in human thong! 
Further information can be obtained from the hon 
secretary. Mr. J. R. Hammond. 39 Rugby Road 


West Bridgford, Nottingham 
The Royal College of Surgeons of England 

A GRANT of £250,000 has been made to the Roya 
College ot Surgeons of England by the Wolfson 
Foundation. The gift will be applied primarily to thy 
provision, furnishing and equipment of the Hunteriar 
Museum. The Museum —now being rebuilt following 
its destruction by bombing 
by the spring of 1962, and is to house the 
of anatomical and pathological specimens collected 
by John Hunter and purchased by the Government 
of the day. after his death in 1793. 


is expected to be tinished 
etior 


College of Advanced Technology, Birmingham 
poliey to promote 
develop research activities, Messrs 
Ltd., Birmingham, have established a fellowship, t 

be known as the Joseph Lucas research fellowship, in 
production engineering which will be tenable normally 
for a period of two years with provision for extension 


IN support of the College 
Joseph Lucas 


to three vears, and valued at £1,300-£1,500 pe 
anni 


4 
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University News Cambridge 


THE following appointments of overseas fellowships 
at Churchill College have been made: Prof. A 
Schliter of the Max Planck Institute, Munich, during 
March September, 1961 Prof. G. Fodor of the 
Hungarian Academy of Sciences during April July, 
Lue] 


Leeds 


Cue following appointments have been announced 
A. FE. Guile as senior leeturer, and J. M. Stephen 
Department of Electrical 
Niblett as leeturer in the 
Department of Physics; Dr. T A. Scott as lecturer 
n the Department of Biochemistry; D. J. Harberd 
is lecturer in the Agricultural Section of the Depart 


lecturer, in the 
Enuineering; Dr. D. H 


ent of Agriculture 

Liverpool 
He following appointments have been announced 
R. 8S. 
King 
(eleetronic 
engmeering); Dr 


(mechanical engin 
husbandry); 
Dr. R. B 
Young 
Lecturers: J. W 
veterinary anatomy): Dr. W. H. Evans 
Dr. D. Flinn (geology); J. Halling 
mechanical engineering); Dr. D. Hull (metallurgy 
Dr. J. W. Lynn (electric power engimeering); Dr 
W. R. H. F. Muirhead (physies Dr. N 
eology Dr. J. P. Riley 


oceanography 


Readerships : Dr Benson 
eering); J. O. L 
H. Leck 
Whittington 
numerical 


Dransfield 


animal 

OTUZ ITE ) 
(CIN il 

analysis Senior 


PHVSICS 


H. Tipper (inerganie and physical chemistry 


H. Wilson (pharmacology 


London 


im trimeral te chnology 


chnologyv. 


Dr. M. G 
n the 
as been Ato the University chair of mineral 
ehnology tenable at that College. Dr. O. J. Lewis 
enior leeturer at St. Bartholomew's Hospital Medical 
ue, has been appointed to the University re acder 
ship in anatomy tenable at that College Dr. R. F 
senior lecturer at the 


FLEMING, readet 


Lmperial College of Science and 


Strickland-Constable, Imperial 
College of Science and Technology, has been appointed 
to the University readership in chemical engineering 
tenable at that College 
litles have been conferr: d 
\lexander Lawson (professor 
respect of his post at the Roval Free Hospital 
school of Medicine; Mr. Ralph Shackman (professor 
. In respect of his post at the Postgraduate 
London; Dr. E. G. C. Clarke 
in respect of his post at the 


on the following: Dr. 
of organic chemistry), 


urology 
Medical School of 

reader in chemustry 
Veterinary Colleg: 


Announcements 
Mr. L 


THoMAS has been appointed chief 
physicist at the Hirst Research Centre of The General 
Kleetrie Co., Ltd... Wemblev. Middlesex. He will be a 
wmber of the staff of the Central Research Labora 
rories with special interest in the programmes of long 
erm and fundamental research. He was appointed 
head of the Materials and Components Division im 
1960 and retains his responsibilities in this field of the 
work of the Centre 


THE annual general meeting of the Royal Society 
of Tropical Medicine and Hygiene will be held in 
Manson House, 26 Portland Place, London, W.1, on 
fune 15 at 7.30 p.m. The new president, Sir George 
MeRobert, will be 


inducted im snuecession to 
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The Chalmers Medal will be 


Gordon Smith. 


Arthur 
Dr. C. E 


Willian Mex 
presented to 


third International Congress on Catalysis is 
5, 1964 


THE 
to be held in Amsterdam during July 20-25, 
The theme of the Congress will be “The Mechanism 
of Heterogeneous Catalysis. Further information can 
Dr. D. M. Brouwer, ¢/o Badhuts 
(Amsterdam-N, Netherlands 


be obtamed from 
weg 3, P.O. Box 3003, 


Hiematology 
Agricultural College, Uni- 
versity of Ghent. during July 24-28. Further details 
ean be obtained from Prof. J. Van den Brande, 
Rijkslandbouwhogeschool, Coupure Links, 235, (rhent 
(Belgium 


International 
State 


THE sixth Svmiposiumn 


will be held at the 


THE annual general meeting of the Freshwater 
Biological Association will be held in the 
room of the Zoological Society of London, Regent's 
Park. London, N.W.1, on June 20. Further informa- 
tion ean be obtained from the Director, Freshwater 
Biological Association, Windermere Laboratory, The 
House. Far Sawrev, Ambleside, Westmorland. 


fur British National 
organizing a conference on )ptical Instruments and 
Pechniques”’, under the auspices of the International 
in London during July LO-14. 
obtained from Mr. K. J 
Laboratory. Teddington, 


meeting 


Ferry 


Committee for Physies is 


Coniumission for ¢ Ipties. 
Further information can be 
Habell. National Physical 
Middlesex 

lure Building Research Station of the Department 
of Scientific and Industrial holding 
open days for the new Materials Laboratory during 
July 1O-13 be obtained 
from the 
gucknalls Lane 


Research 1s 


Further imformation can 
Director, Building Research 
Garston. Watford, Herts 


Station, 


and the Physical Society 
Phermoelectricity”’ 
of Durham. during 


fue Institute of Phys 


is organizing a conferences on 


at Durham Colleges, University 
July Among the topes to be consid red are 
basic properties of solid 
and liquid; methods of determining electrical con 
ductivity, and thermos leetric 


properties of materials, problems and tech 


thermoelectric materials, 


thermal conduetivity. 
power; 
thermo- 
Furthe 
\. Wright, 


Physics. Durham Colleges, 


niques Assoc! ited with device deve lopments ; 


eleetric ces and their applieations. 


information can be obtained from Prof. D 


Applied 


Department of 
Durham 

Cur B.B.C. and the 
that they are organizing 
cine-photographers for natural history films suitable 
for showing on television (35 mm. and 16 mm. at 24 
frames per see The closing date is February 28, 
1963. Further information can be obtained from the 
Council for Nature, 41 Queen’s Gate, London, 8.W.7 


Council for Nature 
a competition for amateur 


Crustees of the Plastics Industry Education 
from young people working in the 
applications for a limited number 


THE 
Fund 
plasties industry. 
of training grants towards the cost of full-time study 


Invite, 


on an approved course leading to a degree or diploma 
in science, technology or industrial design. Appli- 
eations must be submitted to the Secretary, Plastics 

Education Fund, 6 Mandeville Place 
W.1, by July 15. 

THe article entitled ‘‘Measuring Indigestion’, 
which appeared in the May 13 issue of Nature (p. 596), 
refers to an original paper appearing in Research in 
Industry, published by Stanford University 


Industry 
London, 


No. 
ae 
Weg 
‘ 
Fad 
A 
: 
2 
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UNIVERSITY COLLEGE OF SWANSEA 
NEW CHEMISTRY LABORATORIES 


NX Woche laboratories were opened north The arrangements i 
ersit ye. Swansea, on Mav by chemistry) and the second inorgan hemusti 
\lexander Todd When. in 1920, a department of are similar. This wing als contains professor- 

stryv was established by I. kb. Coate n Swansea suites, a departmental library th book-stack, n o 


Was ded am te mporal 


til room and reading roor minar room 


There are a number of facilities: tor 


lite of which w expected to be ten het 

ipred th teaching 

this vhen the rhe melude two lecture theatres 


vears 
the Chenmustrvy Department has oe and research in the central 


and mechanically ventilated vith 
theatre and TOO 


1oclat ion im 


thoratories i 
) a tudents in the larger 


The building msl ) 
al 


heatre ais a combin 


eXNamnation rooms seatin 


three maim stores directly above 


central spine and connected by 


addition, in the central 
OrKShop, ath 
shop for lass blowing anil 
sttuated 
and is equipped tor 
tionation and solvent extre 
\ number of root 
ott ‘ i-technmical aren 
fume cupboard; a 
abor space entrifuge room and a cor 
wo sets of locker ‘ : he first floor of the central 
chemustry laboratory, dark 


tomes for infra-red and Ran 


Ing contaimms principally 
a radio « 


yround 


iboratories The the second tloor are hemustry 
hemistry and has six s special instrumentation rooms and a liquid-air y 
arch | Benches in the laboratories |} 
to give flexibility and ease 


laborator 


w Chemistry Laboratories, University College of Swansea 


¥ 
the 
In 
li iting for 320 
: stiutents in tt | 
! el abo thie 
vit lecture theatre and aes 
ontains the lecture theatres, maim stores and central there 
ee \ccommodation on three tloor ith a each) Other im tt 
tal area of 66,000 sq. ft lift. | 
Ihe there is an engineers 
j } om and parate wo ee 
none electronics \ 
t cle nal thre 
e ehoas fi 
row tron on a ypulot 
ror 4 th special facilities Open 
one cold root 1 wa n 
al oa flood tborartory é 
ene! int-termperature roar 
with t spine included am 
; tary st ms and special labors a 
Phe researc! Nn spectroscopy. On 
nd research 
levoted to orva int 
facing south ar read 
th an mtereod s 
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Most 


both otf the 
cantil 
designed 
Under 
a 


intenance benches, 
iand and wall 

er brackets 
stands ftixed to the 


neh pboard and 


have 
which fit 


tops supperved by 
into specially 
tloor 
slide 


conceal the 


walls and 
then 
and 
laboratories the 


ry we 
lrawer units 


sition below the bench tops 


we racks In the research tops 
sitting height, o1 
be removed entirely leaving only the stands and 
ociated The se formed 
a number of metal supports spaced at approxi 


itely 3-ft. centres and connected at bench-level by a 


i be fixed at either standing or 


services rvice racks are 


tin. wide horizontal teak strip and a 6-in, deep teak 
i Curved fixed to the 
ands whi h support the service pipes, from wh h 
taken at Where 
oncentration of service is required, plumbing has 
en simplified by the use of 
sults in a clear bench top and a generally neater 
physical 


ela brackets are metal 


itlets are suitable positions. 


service towers, whicl 


chemistry research 
and 
<eTVICes are 


ippearance Im the 
tboratories the benct form 
ovable integral units All available 
slong the walls, with electrical services also availabk 
from ceiling outlets. This great ftlexibilitv in 
he arrangement of the laboratories 
Bench tops are of teak (7% grandis) : 
other exposed timber and veneers are of West 
used through 
Reagent shelves have 
Vitrolite’ and the 


‘ upbo irds 


Tops 


gives 


tona 


\trican mahogany Teak has also been 
is flooring in laboratories 
working 


en covered with white 


SCIENCE AND INDUSTRY—THE 


organized by the Department 
Industrial Research and held 


CONFERENCE, 
A of Serentitie and 
April 18-19. had as its primary 
bjeet the critical examination of present-day methods 


Swansea during 
disseminating scientific and technical knowledge 
Both the papers and the 
ollowed indicated the 


lively discussions which 


growing concern screntifi 


ind industrial ecireles with the manv-sided nature of 
problem 
Opening the conference, Lord Brecon, Minister of 
Welsh Affairs, emphasized the relation 
the growth of seientifie knowledge. the 
industrial innovation and the growth of 
nelustry His the time-lag 
technical advance industrial 
and echoed bv 
speakers 
Nine 
iwlegates themselves to participate in the frank and 
ritical appraisal of the problems and solutions as 
presented The tirst W. S 
hief executive of the Scottish Council for Develop 
ent and Industry, reminded delegates that as the 
ume of available information multiplied there was 


“tate for 
between 
esultant 
bet ween 
tech 
several 


reference to 
and 
hiaterials 


use of new 


new was 


papers were briefly presented to enable 


paper, by Robertson, 


+ proportionate increase in the difficulty of condensing 
tnd making that information effectively available to 
ose who could use it. The 
of literature, it was 
nm the development of mechanized 
trieval systems. but Mr 
that there still nothing 
personal contact for passing on new ideas and know 
He thought that scientific and technical, as 
ell as commercial, people should be encouraged to 


avel more widely 


answer to the increasing 
might lie 
recording and 
Robertson maintained 
effective as 


suggested, 


Was quite ao 


now, 


andi more frequently, and he con- 
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tops Oot 
armour-plated ulass 
"The 


now exceeds 250, 


number of students taking courses in chemustrs 
honours students 


These 


expected to increase considerably in 


including 37 
and 26 research students and fellows. numbers 
the 
> vears, during which period the College is planning 
students from 1,500 to 


next 
to imerease the number of 

The new facilities make very substantial 
expansion of the 
As it is, the 
range of 
ID). A. Long in the tield of molecular spectroscopy with 
Other groups 


possible 


research programme in Swansea 
vide 


with 


work of the Department covers a 
interest There is a group working 
special emphasis on Raman studies 
are coneerned with the infra-red 

amides (H. E. Hallam ef a/.). the kinetics of nitrosation 
reactions (G. Stedman et al.) and solid-state chemistry 
K. J. Gallagher et al.). The chemists are 
largely concerned with natural products. This work, 
which is under the general direction of Prof. C. H. 
Hassall and Dr. R. F.C involves work on pep 
tides, eardenolides and alkaloids. A major investiga 
tion, dealing with the pathways of biosynthesis of 


spect roscopy ot 


organic 


urtis, 


‘ omplex phenolic compounds, combines techniques of 
organic chemistry with others drawn from the rela 
tively voung field of chemical There are 
also investigations in the field of steroid chemistry 
G. H. R. Summers et al.) with particular emphasis 


on reaction 


genetics 


mechanisms 


PROBLEM OF COMMUNICATION 


inhibiting parochia! attitude of 
this 


detained the 
firms which restricted the ce 


velopment of most 
useful means of exchanging ideas 

Dr. D. J rquhart, director 
Lending Library for and 
emphasized personal contact, and likened the seeker 


alter screntifie 


of the National 
Pechnology, 


Science 
information to the stranger in # vast, 
vrowing, changing city, the maps of which became 
out of date almost as soon as they published 
The best and almost only way of reaching an objective 
quickly was to ask other people working in the 
specified field. Dr. Urquhart stressed the assistance 
that libraries and information scientists could provide 


were 


in mInaking these contacts and warned the conference 
that existing facilities inadequate Quoting 
Wales as an example, he pomted out that there were 
only two public libraries with a reasonable holding 
of scientific periodical literature. The 
aspects of the problem were discussed in the paper 
by Dr. M. R 


Swansea He 


were 


educational! 


Hopkins, senior lecturer in physics at 
criticized the attitude of narrow 
utilitarianism which leads to a programme of teaching 
preoccupied with its immediate purpose He sug 
gested that the training of every educated man and 
woman should include some teaching of the funda 
mental principles of scientific thought, and that both 
scientists and non-scientists should be educated in 
the skills of Speakers from 
both platform and floor supported this view; it 
pointed out that department 
specializing in studies existed in 
Britain \ increase in the British 
effort in this field and the allied one of 
retrieval called for. Following Dr. 
demanded better 


basic communication 
was 
not one tuniversiby 
documentation 
large researe h 
information 


Hopkins 
facilities for 


several speakers 


pate 
ia 
i- 
4 
‘ 
| 
ie 
| 
he 
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indicated how 


Dr. 


poorly 
M. Lodge, 
research manager of British Nylon Spinners, Ltd., 
on the conununication network in an industrial 


documentation research and 


this field was supported in Britain 


Spoke 
organization and indicated the 
technical information at 


firtn 


difficulties of pre 


many different 


eenting 


levels within the 


The mass media of communication— press, radio, 
television films, exhibitions ana conferences were 
each dealt with in turn by acknowledged experts. 


It was generally accepted that the primary value of 
radio, television and films was in creating a healthy 
climate of opinion to encourage scient ifie and technical 
eve nt Dr. ‘I Margerison. science editor of 
the Sunday Times, felt that more use could be made 
of television by the inclusion of reports of 
scientific and industrial developments in| magazine- 


ivpe programmes, and the possibility of implanting 


news 


the germ of an idea in this way should not be over 
looked Mr Cudlipp, editor of the New venteat, 
reviewing the function of the general science 
stressed the and 


keeping themselves broadly informed on a wide range 


journal, 


value of scientists te chnologists 


of sqorentifie clise He referre d also to the need 


for scientists themselves to take a hand in the pre 


paration of material that the layman could under 
stand, and noted the growing number of sciences 
correspondents in the popular press— which was a 
recognition of the public interest in science \ better 


balance and more careful reporting of science news 


had been achieved, but there was still room for im- 
provement Exhibitions and conferences were dealt 
with by Mr. FE. H. Underwood, the director of publie 


relations for the U.K. Atomie Energy Authority, who 
stressed the Hmportances of defining objectives and the 


N the initiative of Unesco and by invitation of 
Dr. Angel Establier, head of the Seientific 
Office in Montevideo of that Organization in Latin 
America, who has been interested in such a project 
from its beginning, @ meeting was held in Buenos 
\ires, during April 3-4, to discuss the planning of an 
International Andean Year. During such a pro 
gramme, an intensive study be carried out 
on the range of mountains known as the Cordillera 
de los Andes, from Panama to the southern part of 
the eontinent. A small number of seientists from 
different countries interested present: Dr 
H. O'Reilly Sternberg (Brazil); Dr. Guillermo Mann 
Chile); Dr. Tobias Lasser (Venezuela); Dr. Ovidio 
Suarez (Bolivia); Eng. Eduardo Baglietto, General 
M. Olascoaga and Drs. F. Bonorino Udaondo, J. 
Roederer, Angel Cabrera, M. Sadosky, B. A. Houssay 
and V. Deulofeu, all from Argentina. Dr. A. Hurtado, 
from Peru, unfortunately could not attend. Dr. A. 
Establier represented Unesco and his office will be the 
centre for the various groups in preparing the project 

After an introductory welcome by the vice-dean 
of the Faculty of Exact and Natural 
Buenos Aires, Dr. M. Sadosky, Dr. Venancio Deulofeu 
was elected chairman and Dr. Establier acted as 
advisory secretary. Four sessions were held. 

All present agreed in considering that the project 
to institute an International Andean Year will be of 
great importance not onlv because of its width of 


would 


were 


Sciences at 
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audience auned at, but once again, however, personal 
contact was cited as being very often the most valu- 
able result of attending such functions. Mr. FE. Anstey. 
of the British Transport Commission, and president 
of the Scientific Film Association, spoke on “Films to 
Illuminate and Persuade’’, directing attention to the 
use of film as a tool not only for spreading scientific 
knowledge but also for the popular understanding ot 
science, 

In a paper by Mr. L. W. Stevens-W ilson, head of the 
Steel Users Section, British Iron and Steel Kesearch 
Association, attention was directed to the need for 
closer collaboration between specialist or verticalh 
oriented technical information services and horizontal 
or regionally based services. The Department of 
Scientific and Industrial Research was strongly recom- 
mended to set up more branch offices, similar to those 
existing in Cardiff and Edinburgh 

The widely differing and the 
relative value of the different methods of communi- 
that there is no 

It would appear 
eXiIsting 
that in 


level of 


views of delegates 


cating information made it clear 
one ideal solution to the problem. 
that still need to strengthen all 
techniques. There 
many sectors of industry 
interest in research and development was mot verv 
high, and that the outstanding difficulty was not 
simply to improve the means of transmitting scientific 
and technical information but to stimulate interest 
at the receiving end in industry How this was to 
be achieved remained largely an open question, but 


there is 
general 


the prevailing 


was agreement 


it must involve a strong element of personal contac 

to make an effective change in the habits of thought 

and climate of opinion in both industry and science 
E. 


interest and of the scientific results which are likel\ 
to accrue, but also because of the number of scientists 
involved and the expected international participa- 
tion from countries outside South America. It was 
also considered that a project of this magnitude will 
have a favourable impact on the progress of science 
and the future scientific development of most of the 
South American countries 

Discussions dealt with the fields which it would be 
desirable to cover during the International Andean 
Year. Asa preliminary list it was considered possible 
and convenient to work on the following subjects: 
1, geology : 2, botany; 3, geophysics ; 4, human biology : 
5, zoology ; 6, human ecology ; 7. geomorphology 
including glaciology; 8, physics of high altitudes; 
9, soil sciences ; 10, geography; 11, agronomic sciences 
(in collaboration with the Food and Agriculture 
Organization); 12, sociology; 13, ethnography (both 
12 and 13 in collaboration with institutes of social 
sciences); 14, archeology; 15, anthropology; 16. 
economies (in collaboration with the Comisién Econ- 
é6mica para América Latina). 

In each of these fields some 
already been made and, as an example of the type ot 
work which would be involved, some specific projects 
were mentioned. For example, it was suggested that 


subdivisions have 


in studying the geology of the Andes, it would be 
desirable to concentrate the efforts in examining the 
evolution of the Andean range, especially the tectonic 
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and magmatic cvcles of the Andean svneline, tertiary 
and quaternary vuleanism and the magmatic pro- 
vinees in the Andes. 

A further meeting is being planned for December 
1961, and will be held in Santiago de Chile, to consider 
reports to he presented by the scientists part eipating 
in the meeting in Buenos Aires and to elaborate further 
and develop the specific projects in each scientific field 

In the meantime, the Unesco Scientific Office in 
Montevideo will start compiling a bibliography of 
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research done on the Andes, and collecting the names 
of scientists who have been active in that field. o1 
who, by their training, are likely to be interested in 
participating in any of the activities planned for the 
International Andean Year 

Further information on this project can be obtained 
from Dr. A. Establier, Centro de Cooperacion Cienti 
fica de la Unesco para America Latina, Boulevard 
Artigas 1320, Montevideo, Uruguay 

V. DeEULOFE! 


SOLAR VARIATIONS, CLIMATIC CHANGE AND RELATED 
GEOPHYSICAL PROBLEMS 


[ ys DER the above title, asymposium was arranged 
J by the New York Academy of Sciences, through 
the Academy's Section of Geological Sciences and its 
Division of Oceanography and Meteorology, in co- 
operation with the American Meteorological Society. 
The meetings were held in New York during January 
24-28. The papers given at the symposium are to 
be published by the Academy ina forthcoming volume 
of its Annals. 

Understandably, the United States provided about 
four-fifths of the sixty or so participants who offered 
papers or contributed to the discussions, but a number 
of workers active in the fields covered by the sym- 
posium were present from Canada, the United 
Kingdom, Holland, Germany and Hungary. Swedish, 
Russian and Australian contributions had been 
invited, but their authors were unable to be present. 
Abstracts of the papers were provided and the 
meeting as a whole was admirably organized. The 
generous hospitality of the New York Academy of 
NSeciences was indeed a feature. 

The organization of the conference and the arrange- 
ments for Overseas visitors were largely in the hands 
of Dr. Rhodes W. Fairbridge, professor of geology 
at Columbia University, to whom indeed a great 
part of the success of the meeting was due. Dr. 
Fairbridge’s arguments for the relationship of changes 
of sea-level, great and small, to the fluctuations of 
climate which have affected and continue to affect 
the volume of the Earth’s ice-sheets and glaciers, 
have become widely known (ef. his recent article in 
Scientific American, 202, No. 5, 70; 1960). A fuller 
statement has now been published in Physics and 
Chemistry of the Earth, 4 (Pergamon Press, 1961). 
Developing as they do from his earlier work on the 
eustatie changes shown on the coast of West Australia, 
they integrate a vast amount of carefully assembled 
field evidence on a world-wide scale and, cautiously 
yet persuasively presented, they will be found 
acceptable by many workers. Nevertheless, it can 
be agreed that we do not yet know enough about the 
other agencies that may have affected the volume 
of the hollows in which the oceans lie. 

Climatic change is demonstrably a subject with 
exceptional ramifications, and the contributions of a 
great many scientists from differing disciplines are 
repeatedly called for. Accordingly. the scope of the 
symposium was enormously wide, beginning with 
six papers on solar physics under the chairmanship of 
Dr. Donald H. Menzel (Harvard University). Climatic 
effeets potentially attributable to solar variation 
were discussed under the chairmanship of Dr. Sigmund 
Fritz, replacing Dr. H. Wexler, who could not be 


present. It is evident that the only effects of solar 
variation that are so far generally accepted are those 
observable in the extreme ultra-violet end of the solar 
spectrum, affecting the high atmosphere and the 
Karth’s magnetic field, although some of the apparent 
relationships with atmospheric circulation patterns 
are sufficiently suggestive to justify further attention. 
Among a variety of papers on various aspects of the 
radiation balance and the general circulation, H. H. 
Lamb (Meteorological Office, Harrow) presented some 
of his recent work on displacements of the circulation 
pattern (cf. Geografiska Annaler, 1960). A further 
session was devoted to meteorological satellites 

Dr. Helmut E. Landsberg (United States Weather 
Bureau) took the chair at a session entitled ‘‘Glacio 

logy. Oceanography and Climatology’; here Dr. 
William L. Donn presented a summary of the Ewing 

Donn theory of the ocean control of Quaternary 

climate (Sczence, 1958), unfortunately with insufficient 
time for discussion of a controversial topic in which 
many would gladly have joined. A preceding paper 
by Dr. T. N. V. Karlstrom (Coast and Geodetic 
Survey, Washington) on the glacial history of Alaska 
provided evidence manifestly difficult to reconcile. 

With Dr. R. F. Flint (Yale University) in the chair, 
followed by Dr. E. S. Deevey (Yale University), 
paleoclimatology came under review, including 
several papers around the theme of palynology. Dr. 
E. H. Willis (University of Cambridge) commented 
on some of the Fenland evidence. Among the most 
interesting contributions was that of Dr. Calvin 
Heusser (American Geographical Society), who gave 
evidence for the approximate contemporaneity of 
Late- and Post-Glacial events in the Rockies and the 
Southern Andes. With Prof. F. E. Zeuner (University 
of London) in the chair, a final session was devoted 
to papers around the theme of ‘Climatic Change and 
Man”’. Archeological studies in the United States 
and in the Near East were noteworthy; Dr. Ralph 
Solecki’s discussion of some of the preliminary find 
ings at the Shanidar cave in Northern [raq was of 
great interest, and attracted attention. 

It will be evident from this brief summary that a 
remarkable diversity of papers came up for discussion 
Throughout the symposium the impression prevailed 
that there are many who are still hopeful that some 
kind of periodicity will appear, based on such solar 
manifestations as we can observe. From others, 
dispiriting criticisms equally abound. Dr. Reid 
Bryson (University of Wisconsin), for example, has 
applied modern statistical methods to the analysis 
of tree-ring spectra and found that the usual sunspot 
cycles fail to appear. On the other hand, several 
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contributors for relationships 


prov ided 


between solar variations and the pattern taken by 


support 


the general cire ulation 

It became abundantly clear how large a number of 
patiently accumulating evidence 
amplitude, character, effects and especially 


the dating of climatic fluctuations all over the world 


nvestigators are 


of the 


Speculations regarding the causes abound ; supporters 


of each of the popular theories —solar variation, 


atmospheric turbidity, carbon dioxide, ozone. Varia 
tions im the Earth's orbital « lements find their 
several gods alternately set up and cast down 
Workers in one field tind themselves unable to judge 


clenet 


the validity of the « 


from other disciplines ; 


\ SYMPOSLUM on the « \perime ntal taxonomy ot 
flowery piants Wis held at the 
on March 3 The chair at the 
taken by the president, Prof. C. F. A 
the afternoon session by Dr. W. G. Templeman 
In a brief introduction, Prof. D. H. Valentine 
that the symposium should provide a good illustration 
of both the coherence and the 
In the papers to be he ard, groups 


Linnean Society 


Pantin, andl at 


said 


wide range of exper 
mental taxonomy. 
ut all le vels, from the local population to the premus, 
vould be treated, and the 


approached from a variety of points of view 


problems would be 
geneti 
eal, ecological and taxononue 

Dr. A. D. Bradshaw. of the 1 College of 
North Wales. Bangor, then gave his paper on Evolu 
tion within Plant Species in Relation to Soil Mineral 


niversity 


Factors He pointe d out that while a considerable 


wnount is known about evolution in relation to 


climatie and biotic factors, soil factors have, com- 
paratively been neglected. This is surprising. as an 
examination of the differences between closely related 


dly 
that 


evolution 


otten 
which 


they 
preferences, 


Species shows that 


different 


factors 


soil indicates soil 


must play an important part in 


Experiments have been done in sand cultures on a 


Festuca ovina 
all of 


were 


number of common species, espec ially 


The 


type 


and Trifolium repens fescues used were 


the 2S-chromosome ind selected tillers 


Grown inh of solutions Ww ith Varving concentra 
tions of calenim Populations from chalk and peat 
«ils showed a markedly different response to growth; 
and an experiment on samples trom base rich and 
base poo! souls trom the Bre ‘ kland showed a similar 
difference, although the 


populations were morpho 


logically identical Trifolium repens gave the same 
kind of response in relation to variation in both 
calcein and phosphate concent rations, but the 


phosphate and cal responses were not parallel 
It would appear that populations of both species 
are phvsiologically differentiated in relation to their 
mineral nutrition; and such differentiation cannot 
be neglected in considering the evolutionary processes 
in these and other common species 

In the discussion on this paper, it was pomted out 
that much information of a similar kind was available 
for cultivated plants, notably rice, but that 
deal of it was inaccessible or not widely known 


Interspecific Hybridization 


a great 


Phe second paper, on 
as an Evolutionary Stimulus in @nothera 
by Dr. P. H. Raven, of the Rancho Santa Ana Botan 
Garden. California Dr. Raven described 


Was given 


first 
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in this regard, the sessions and the informal discussion 
resulting from personal encounters between differen: 
\ great 
and those who ar: 


kinds of specialists are for many a re al help 


deal of enjovment is had by all. 


termpted to advocate simple explanations are re 


peated], reminded of the complexity of the problen 
thev so hopefully seek to solve It now seems almo-s* 


certain that no one simple a is in anv wa 


adequate to explain the intriguing patterns of elumati 


fluctuation to which the evidence points Almost a!! 
the many proce sses involved seem likely to play so) 
essential part, small or large. ‘The forthcoming volur 


wd ng 


of papers will provide welcome re 


brevipes and clavaeformes tf annual 


North 


pair «© 


Americ: 


morphologic 


which oceur in arid areas in western 
species difter im a of 
characters (habit, flower colour. ete n habitat. and 
In one. the fle 


other mn the late 


also in their floral biology vers oper 
afternoo 


but 


at about sunrise, in the 


close 


clifferemnt 
highly 


and they are pollinated by 


related species of bees, which ar speeitic to 


these flowers Geographically, the species have 

rather broad area of overlap, and natural hybric- 
are sotmetimes formed (the species are oceasional! 
visited by inseets other than the bees mentione 
above Both RPecies have 14. chromosomes: 


hough occasional! 
fertility 


bivalents are formed in most cells 
rings of 4 or 6 chromosomes are obsery ed: 
high In the hybrids the 
frequent, larger rings or chaims of up to 
recorded : fertilits low. and 
formed Althoug! 


particular pair 


multivalents are mor 


12 chromo 
SOTTIOS being on 
5-15 peer eent of good pollen Is 
the hybrids 


most of between the 


populations studied appeared to be F's, other pop 

lations can be found (taxonomically oft subspecit 

status) which are probably of hybrid origin. It would 
that occasional hybridization of the kind 


appeal 
described may well play an important part mn increa- 
ing the number of evolutionary pathways availabl 
especially in areas such as this. in which considerab!l: 
( hange hay 
it mav be said that the 
hybridize and to form stable recombinant phenotypes 


been occurring In genera! 


ability to 


eclimatu 
retention of the 


mav be regarded as a significant part of the adaptive 
system in higher plants There 
discussion of this paper, in which the evolution o7 
part plaved bh 


was a short but active 


pollinating mechanisms the 
chromosome interchanges in the genus were discussed 

The final paper in the morning session was given 
by Dr. N. W. Simmonds, of the John Innes Institute 
on “Classification and Nomenclature in Bananas and 
Potatoes 
He pointed out that we now had a good know ledge 
olution in the group 


Dr. Simmonds dealt with bananas firs 


ot the probable eourse of 
The cultivated bananas had arisen from the diploid! 
Musa acuminata and halbisiana an a result 
ot polyploidy and hvbridization. and consisted of ¢ 
group of sterile, parthenocarpic clones, mainly triploid 
in constitution. In the potatoes, the cultivated plant = 
probably originated from wild diploid species, as yet 
not certainly identified, which had developed into th: 
cultivated tetraploid andiqenun 
and this in turn, introduced into Europe as a sma 

sample some four hundred had given ri- 


spec les Nolanum 


ears ago, 


q 
i 
d 
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to NS. tuberosum This re semble a the banana in being 
clonally propagated, but was unlike it in being sexually 
fertile In both 
Te apply the 
iseful way. The banana now comprises six groups of 
~terile clonal cultivars which are 
meaning of the word; 


V 


repre sent two of 


groups, it is practically impossible 


normal nomenclatural rules ino any 


mot species Im 
and to attempt to 
parad and 


easonable 
the 


pie retin. 


Linnean 
which 
vould merelv lead to confusion 
of the with Latin 
ingle clones, others to an arbitrary selection of plants 
further 
Linnean 


apply 
these cultivars, 
In potatoes, many 
deseribed species names refer to 
Varving 
lifficulties arise in the identification of the 
In both the best proce dure is to discard 
the Latin nomenclature below the 
apply the Code for Cultivated 


evohition in erop plants are high, 


from continuously populations ; 


generic level, and 


Plants 


and « rops change 


Rates of 


and this must be recognized by an appropriate flexi 
of nomenclature. In the discussion, svinpathy 
with Dr 


nomenclatural divisions should resemble a 


bality 
“us ¢ xpressed Simunonds’s view of the 
proble Ith; 
eat fence rather than a barbed-wire 
In the first paper of the afternoon session, Dr. J. Kh 


Ellis. of the Galton 


entanglement 


Laboratory. Universitv College. 
London, spoke on Potentdla Intergeneri 
Hybridization and Evolution in Fragarva He first 
reviewed briefly the evtologyv and distribution of the 
and the preliminary expe 
this Mangelsdorf and by 
Ellis then deseribed in detail h 

own experiments, in which he used as seed parent 
both the garden Fraqaria 
and the artificial allopolyploid / 
When Potentidla erecta (2n 

28) was used as pollen parent. hybrid seedlings were 
produeed, but survived to maturity: with 
I’. fruticosa (2n 14) and 2’. palustris (2n 42) as 
pollen parents not only did many hybrid seeds germ 
inate but also a number of seedlings grew to maturity 
vigour of the 


raqaria 


Fraqa a. lmments on 


venus 
vbridization im group by 
kK bones lor 
strawberry, grandiflora 


(2 


yrandiflora (2n 70 


but 


Phere was great variation in the 
vhich and all resembled their Fragaria 
nore than their P’ote ntilla parent fertile amphiploids, 
in strawberry 

Studies of 


were sterile 


breeding, have 
The 


vhich mav be of valu 
obtaimed 
been useful, as they 


the 


mot yet been nm 

brids have 
the 
garden strawberry. Dr 
vild Species Du hesnea indica might be a Fragaria 
Potentila amphiploid In the this 
the bearing of Dr. Ellis’s the 
taxonomy of Potentilla and its allied Was 
referred to, as well as the cytological phenome non ot 
both Fragaria 


have thrown light 
the 


Ellis also suggested that the 


homologies ot renomes COMPPising 


discussion on 
puaper, results on 
yenera 
iouble non-reduction, observed in 
and Solanum 

The final paper, On 
{nthoxanthum Lo. was piven in two parts. Dr 
M. Borrill. of the Welsh Plant Breeding Station. 
\bery stwyth. spoke first. on the genetic aspects In 
the Mediterranean, three 
an be recognized the areti alpine perennial diploid 
alp num, the 
and 1.4 
traploid A. odoratum 
mbles A close ly, it also 
certain features, such as leaf pubescence, which occur 
n the Mediterran an diploids odoratum hybridizes 
eadily with the Mediterranean diploids, A alpinum 
only ‘with difficulty However, a sterile diploid 
hvbrid between A and 1 Was 
orained. and from this a tetraploid plant 


The Experimental Taxonomy 


and main groups 
Mediterranean annual diploids A 
and the widely distributed 


Although the latter re- 


alpinum 


pueli alpinum 
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pliant is 
like 
moderately 


the 


by colchicine Vizorous 
and is 
self-fertile and 


very elf-inecompatible 


perennial, is reasonably one 
fairly fertile It is 
bee inbred, 
natural te traploid It 
that Al 
that 
exactly 


atum, 
also 
unlike 
reasonable to suppose 
from a similar to 


artificially, though not necessarily from 


odoratum arost Oss 
the sare parents, 

Dr. K. Jones, of the Royal Botanic Gardens, Kew, 
then spoke the the 
problem Natural populations of 4. odoratum have 
ad entirely ot 
Sore 


about evtologica! aspects of 


invariably been found to he 


interchange heterozygotes. bivalents are 


common, and 
ring 


alwavs formed, but quadrivalents are 
associated mm a 
the 


ip to 10 chromosomes mav be 
related to 
The 


desc ribe a by 


These facts can be probable mode 
artificial Fy hybrid 
Dr. Borrill) is 
a complex interchange heterozygote im which pairing 
bivalents to l b 


of origin thre 


and a ring of 
ed from this 


varies from 5 Valent 
eight 


hybrid are th 


The artificial an phidiplo ads deri 
is polyploid nite rs } heterozvgotes. 
disjunetion 


of seleetion, the 


and in the plants which have heen st 
always regular As a result 
fertile 
there Is 


is 
fully 
whi h 


developed im 
and 
has thus ne 


natural tetraploid 
self-ineom 


and 


regular dispunetion 


odoratum a stabl 


patibility 1 
permanent interchange heterozygote 

\ general discussion on all the papers was opened 
by Prot Manton. of the Uni Leeds 
After referring to a number « she 
raised the scale of 
evolution, porting Out that in many of the groups 
discussed had 
which. if followed up conld give more 
information about the speed at which evolutionary 
adjustments happened than had hitherto 
Thus it seemed certain that the physio- 
Bradshaw 


must im some cases have occurred rapidly, since one 


Treme ersityv of 


if spec ihe pomts, 


general question of the time 


some fairly precise remments been 


exact 
available 
logical adjustments to soil deseribed by Dh 


example involved a disused quarry the age of which 
olution in @nothera, 
related to 
North 


Was 


could be precisely determined. Ex 
che seribed by 

changes int 
America In 
significant character. artificial selection by man must 
have the origmal Malavan habitat 
which could perhaps be roughly assessed in years; 
significant part of the 
potato as we know it to-day must have taken place in 
Recent advances in the experimental 


> 
Raven. seemed to be 


the 


bananas, 


recent at western 


Where parthenocarpy 


been involved in 


evolution of the cultivated 
historical time 
approach to evolution would now justify closer atten- 
tion to the que stion ot timing than would have been 


and it 
this attention should he 


recom- 
In the 
that 


eceur 


possible a few vears ago, vas strongly 
mended that 


discussion several speakers endorsed the 


piven 
view 
sorts of 


istirnent Can 


Stebbins pointed 


certain evolutionary 
surprisingly rapidly Prof. G. L 
out that the first stages in the evolution of the potato 
had quite Manton had 
suggested as the crop a verv long history in 
South America He Prof. Manton as to 
the difficulty and comple xitv of the The 
rate at which occurred often 
seemed to show little correlation with rate of change 


so rapid as Prof 
had 


agreed ith 


not been 


problem. 


chromosome changes 


in the gene complexes which controlled morphological 
and physiological characters. and the causes of both 
kinds of change were still More accurate 
and detailed knowledge of of Tertiary 
floras eventually for firm 
conclusions H. VALENTINE 


the history 


might provide Dasis 
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THE 


r SHE Indian Institute of Science owes its existence 

| io the vision of the late Mr. Jamsetti Nusserwanji 
Tata. In 1889, Mr. Tata, realizing the vital part 
that science could play in the advancement of human 
welfare, conceived the idea of founding a research 
institute which would have as its object the industrial 
welfare of India. Unfortunately, the founder did 
not live to see the fruition of his idea and it was left 
to his two sons, the late Sir Dorab Tata and the late 
Sir Ratan Tata, to fulfil their father’s wishes, with the 
active support of the late Lord Curzon, then Governor 
wneral of India, and Sir K. Seshadri lyer, who was 
at that time the Dewan of Mysore. The history of 
the Institute is presented im the February issue of 
Science and Culture*: a short account of the 
Institute on the oceasion of the jubilee also appeared 
in Nature, 183, 644 (1959). 

Mr. Tata offered property then worth two hundred 
thousand pounds (twenty-seven lacs of rupees) as an 
endowment for launching the Institute. In addition, 
the Government of Mysore offered 372 acres of land 
at the north end of Bangalore as a gift so that the 
Institute would be situated in one of the moat 
favourable locations im India 

The Indian Institute of Science came into formal 
existence on May 27, 1909, as a postgraduate institu 
tion for the promotion of advanced studies and 
original research. The first batch of students was 
admitted in July I91l to the Departments of 
General and Applied Chemistry and Electrical 
Technology. The Department of Organic Chemistry 
was addad soon after. The Department of Bio 
chemistry was opened in 1921, and the Depart- 
ment of Physics in 1933, when Sir C. V. Raman 
took charge as the first Indian director of the 
Institute 

From such modest beginnings it has progressed 
in a munber of directions, and is to-day considered 
to be the leading centre of research and training in 
engmeering and seience in India 

The Institute functions as an autonomous body in 
accordance with a scheme formulated by the Govern 
ment of India, under the Charitable Endowments 

\et. The Quinquennial Reviewing Committee (1955) 
recommended that, in place of the diplomas which 
it had so far been conferring, the Institute should 
confer degrees. The Institute is now deemed a 


* Science and Culture, 27, No. 2 (February 1961 


THE INSTITUTE OF 


FUSHE annual report of the Institute of Seaweed 
| tesearch, Inveresk, Midlothian, Seotland, out 
lines the expansion in the seaweed industry both in 
Britain and overseas * This is due partly to an 
increase in the use of the seaweeds themselves and 
partly to the greatly increased use of seaweed 
extracts. 
Seaweed meal factories at Gairloch. Lochmaddy, 


Kirkwall and Sanday all increased their produc- 


Aunual Report for 
Institute of Seaweed Research 


* Institute of Seaweed Research, Inveresk. 
1960. Pp. 23. (Inveresk, Midlothian 
1961.) 
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INDIAN INSTITUTE OF SCIENCE 


university under the University Grants Commission 
Act of 1956 

During the Second World War the 
up for investigation a large mumnber of schemes ot 
research sponsored by the Council of Seientifie and 
Industrial Research, the Couneil of Agricultural 
Research, the Indian Medical Research Council, 
and the Governments of Madras and Mysore During 
that period, the Institute planned and established the 
Department of Aeronautical Engineering At the 
close of the Second World War, a further four-year 
expansion programme was launched with grants 
from the central Government. Under the pro 
gramme, the Departments of Metallurgy (1945) and 
Chemical Technology and Chemical Engineermg 
(1951) were established and laboratories to carry 
out work on fermentation technology and pharma- 


Institute took 


cology were set up. 

For the training of 
Engineering Department was established m= 1947, 
with separate laboratories for electrical, mechanical, 
eivil and hydraulic engmeering. section on 
Economies and Industrial Psychology, meluding 
industrial relations, and affording facilities for research 
in these subjects, was also started in the same year. 

In 1955, under a scheme for the development of 
facilities for technical education, additional post- 
graduate courses in automobile engineering (1956), 
foundry engineering (1956), soil meehanies and 
foundation engineering (1957), electronic engineering 
(1956), ultra-short and microwave engimesring (1956), 
line communication engineering, and acoustical 
engineering were providsd. Further 
research in technical gas reactions, physical metallurgy, 
hydraulic machines, internal sombustion engineering, 
electrical measurements and measuring instruments, 
transmission, distribution and net-work praetices 
have been added. 

Recently a Department of Applied Mathematics 
and a section of Industrial Engineering Admimistra- 
tion have been established. 

The Library of the Institute, with about 63,000 
volumes of current scientific and technical journals 
and books, occupies a high place 
libraries in India. The Institute 
golden jubilee, commencing February 2, 1959, to 
mark the completion of fifty years of notable service 
to the cause of science and engineering in India. 


power engineers, Power 


facilities for 


among scientific 
celebrated its 


tion during 1960, and the products have found a ready 
market especially to compounders of animal feeding 
stuffs. 

A retail market for seaweed manure has been 
developed by eight firms, and a new company has 
produced a soil conditioner made from seaweed, a 
liquid seaweed extract and a compost accelerator 
with a seaweed base. Liquid extracts are being used 
increasingly in agricultural practice. 

Alginates continue to be of primary importance, 
and the Seottish market is holding its own against 
overseas competition, particularly from France and 


Pint 
= 
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Nova Scotia. America, Iceland and Norway are all 
producing alginates commercially and there are new 
ventures in Holland, Australia and South Africa 
Increased attention is being paid to the technology 


No. 4780 


of seaweed products. and their use increases, especially 
in the food, textile-printing and paper-making trades 

The commercial use of mannitol is extending and 
It may be that its extraction from brown algae will 
become necessary. since its availability as a by-pro 
duet im the 
the demand. 


manufacture of sorbitol does not meet 


NATURE 


971 


The Institute has continued to support fundamental 
research in a number of universities, and a surmmary 
is given of work on algal chemistry carried out in the 
University of Edinburgh under Dr. E. Percival and 
Dr. D. J. Manners. and on microbiology under the 
direction of Prof. G. E. Fogg at University College, 
London. 

The report concludes with lists of publications 
during 1960, some of which are linked with the Insti- 
tute while others concern relevant work of scientific 
importance or commercial development elsewhere. 


PUBLIC HEALTH ENGINEERING 


courses in public health « ngin 

eering were first given as @ joint venture between 
the Dnperial College of Serence and Technology and 
the London School of Hygiene and Tropical Medicine 
during 1950. They were inspired by the International 
Health of the Rockefeller Foundation, 
which, besides giving generous financial aid during 


Division 


the first three vears, also awarded many bursaries to 
enable students to attend the courses 

The courses have now become well established and, 
during the past eleven years, have been followed by 
130 full-time and numerous part-time students from 
From the start the aim of 


many parts of the world 
a broad education in 


the COLLYDSes has been to give 
public health engineering, and emphasis has been 
placed on the porta4nce of the public health aspects 
of the engineer 8 work. 

The engineering studies have been supported by 
Spec ially arranged courses In basic Sciences, specially 
biology and chemistry, which essential to the 
public health engineer but not normally taken by 
engineers, if at all, beyond the level achieved at 
school or first vear at university. This broad treat- 
ment has made it possible to satisfy to a considerable 


are 


degree the requirements of students from many 
different countries and of varving interests and expert- 


ence 


now ision for alternatiy: 


It is felt that 
courses would be a great advantage, 


pros 
and it is proposed 
to provide two types of course from October 1961 * 
The first is similar to the course which has been given 
since It is intended for engineers who will be 
employe d mainiy on the design or control of publiv 
health engineering Government or local 
authority departments, public works departments, 
verage undertakings or consulting engim 
othices The second will be a new broader typ 
intended for and 
experience in engineering with 
the general application of public health engineering 
measures rather than with detailed design. Such 
find employment in newly 


works im 


water or 
ecrs 
ot eourse persons with education 


who are t rned 


students will usually 
developing countries where many of the works with 
which they deal may be comparatively simple from 
the engineering point of These students 
require = &% complete knoavledge of public health 
principles and practice, since their work is closely 
integrated with the public health services and they 
mav have to initiate new methods of environmental 
control to meet a variety of health problems. 


view. 


ollege of Science and Technology; and London School 
fropical Medicine (University of London Post 
Public Health Engineering Pp. 15 (London 
llege of Seience and Technology; and London School of 
{ Tropical Medicine, 1961 


* Imperial ¢ 

f Hygiene and 
rraduate Courses in 
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CHEMOTHERAPY OF MALARIA 


N a recent issue of the W.H.O Chronicle *, Dr. L. J. 

Bruce-Chwatt. head of the Research and Intell 
gence Section of the World Health Organization's 
Division of Malaria Eradication. has outlined changes 
being made in the drugs used in the campaign to 
eradicate malaria. Dr. Bruce-Chwatt suggests that 
research on the biochemistry of anti-malarial drugs is 
badlv needed and directs atteniton to the renewed 
interest in drug combinations and associations. 

The rationale of the present use of drugs in malaria 
eradication programmes carried out by the World 
Health Organization is as follows: 

(1) Schizontocidal drugs (chloroquine or amodia- 
quine) are used occasionally in the early stage of the 
attack phase, more generally in the late stage of the 
attack phase, and always in the consolidation phase 
for the ‘presumptive treat ment’ given to all suspected 
eases of malaria for relief of clinical symptoms. The 
administration of a single dose of the drug to all 
detected fever cases is one of the characteristics of 


© W.H.O. Chronicle, 15, No, 4 (April 1961). 


the surveillance aectivitv that starts towards the 
latter part of an attack phase of malaria eradication, 
whole of the consolidation phase, and 


part of the maintenance 


covers the 
extends over at least 
phase. 

(2) Asporontocidal drug (generally pyrimethamine) 
is often associated with the schizontocidal drug in the 
‘presumptive treatment’ of the attack and consolida- 
tion phases with the purpose of making the suspected 
case of malaria non-infective to Anopheles vectors 

(3) Mass administration of schizontocidal drugs, 
alone or in association with such sporontocidal drugs 
as pyrimethamine or primaquine, has been 
adopted during the attack phase together with 
residual spraying when the conditions are such that 
anti-anopheline measures are unlikely to have a rapid 
This use of drugs is still tentative; 


also 


complete effect. 
they have been given either as a single dose at long 
intervals at the time of residual spraying or as a 
repeated (weekly or monthly) dose for some definite 
period. 
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The distribut edicated salt is actually a 
iriant of mass drug administration, applicable in 
conditions when residual spraying Is not, tor various 
reasons, feasible (‘hloroquine or pyrimethamine 


has been used for admixture with salt, but the latter 
sted tor this purpose 


4) Radical treatment of relapsing malaria means 


is no longer ady 


eenerally the use of S-amunog unolines for infections 
due to Plasmodiun var and f. malariae, since 
that due to fale: parum is cure d easily by a standard 
three-day treatment wit chloroquine or amodiaquine 
The proper administration of daily primaquine or 
quinoeide over fourteen lay period s often difficult 

ithout a wide network of medical services, and in 


nel cases large loses or smaller repeat 


loses of a sporontocidal drug (pyrimethamine ha 
tentatively 

The following aspects of chemotherapy are among 
those of immediate mterest tor roalaria eradication 
There is a great difference between the approach ot 
the clinician interested in treatment of a case of 
malaria and that of the malariologist whose aim ts 
the eradication of this infection from a large com 
munity. From the point of view of the clinician no 
new anti-malarials are really necessary; he has 
quinine or, preferably, one or other of the 4-armino 
juinolines for treatment of severe infections; if bi 
vants to preve nt rel One ot the modern S-armino 
juinolines— safe when given with some elementary 
precautions and almost 100) per cent reliable 
ivailable; tor prot etion trom infection the « linician 
has the choice of proguanil, pyrimethamine, and 
in the second place) chloroquine or amodiaguine 


anv of these drugs will serve his purpose when given 


at proper and regular intervals 


PHYSICAL ANTHROPOLOGY 


VINCE 1951 the Department of Anatomy of the 
w University of Adelaide has sent out seven field 
expeditions to study the physical anthropology ot 
the aborigines in different parts of Australia, ana 
the first complete trans-continental survey—from 
Fowler's Bay Yalata m the south coast to the 
Liverpool River in northern Arnhem Land has now 
been compiled 

The survey covered most metrical and non 
metrical characters Much of the information col 
lected has yet to be analysed statistically, but some 
features are emerging to warrant prelimimary con 
sideration. The have been reviewed by Prot 
A. A Abbie of the Department ot Anatom 4 Univer 
sity of Adelaide, South Australia 

Divergent opinions on whether the aborigines are 
homogeneous or heterogeneous lend imterest 10 a 
comparison of sone physical measurements of thre« 
aboriginal groups, separat¢ d from each other by son 
400 miles of territory and all living im different 
enviromments 

The groups are 
southern group assermbled near Yalata on the south 
coast : (4) two neighbouring tribes of central Australia 

the Pintubi and the Wailbrai: and (c) a tribe near 
the mouth of the Liverpool River in northern Arnhem 
Land, the Burera. In the present paper only adult 


males are considered as being most representative 


respectively, a a composite 
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For the malariologist. each of these drugs has 01 
law: it must be given in regular, repeat 1 doses 
achieve its effeet on the transmission of malaria. |: 
this respect they are often a failure when used on a 
large scale in countries without extensive and weil 
roeanized medical and publi health systems Ir 
the pr »blems of ehe motherapy 
eradication two questions may be asked: How ca: 
the best use be made of the ant: malarials now aval 
able?, and, What new drugs are needed, if any 

Improvements operation il conditions. bett: 


co-operation from an enlightened community, or th 


nple technica 


nnovations may remove an unber of obstacles to a 


introduction of some relatively si 


vider use of drugs in malaria eradication, but at 
not alwavs feasible in under-developed areas 
nadequately organized publi health services 

What new drugs are needed ? The answer is that at 
least two types of anti malarials must be developed 
1) A potent and safe schizontor idal drug which wil 
maintain its effect for 3-6 months after a single dose 
It would be advantageous if this drug had a rapid 
ind prolonged sporontocidal action 2) A good and 
safe anti-relapse drug capable of effecting a radica 
eure of and malariae infections when riven i 
a single dose or, at the most, in a three-day course ot 
treatment. Over the past five vears the development 


fast or s 


of new anti-malarial drugs has not been so 
successful as expected 

There are two reasons for the apparent 
drive in research on new anti-malarials: one is th 
empirical approach to the investigation of new com 
pounds and the other is the growing difficulty o 
vauging their value in human malaria; little is known 


abo it thre metabolism of the utes ted 


OF AUSTRALIAN ABORIGINES 


of their groups. The muwnbers exaruned Yalata 
33. Pintubi, 38; Wailbrai, 30; Burera, 26-—are 
about the maximum obtainable in any tribe im a 
reasonable time. All except the Yalata group ha 
come under European influence only shortly betor 
the tume of examination 

The figures indicate that, right across the continent 
through a wide diversity of environments, the abor 
gines exhibit an extraordinary degree of physica 
homogeneity. 

Up to the age of about 5 years, the physical pro 
portions of aboriginal children are about the sanw 
Jetweon 5 anil 


as those of comparable Euro} 
h vears, however, aborigimal children suddenly show a 
marked extension of the inferior extremities that 
reduces the relative sitting height to about 50 per cent 

close to the proportions ot Muropean children ot 
around 12 vears. Thereafter, until the cessatior 
of growth, the aborigmes preserve their six years 
advantage and tinish with a relative sitting height 
close to 46 per cent. 

So far this has been worked out fully only for the 
central Australian males, but a prelimmary surve 
of the data indicates that it holds for both sexes and 
for most northern and most southern groups as wel 

New-born aborigines are pinkish-yellow w ith some 
darker colouring around the nipples, navel, genitalia 
and buttocks The rate oft darkening ot the ski 


seers to depend on the degree ot exposire 


er 

‘Nhe 

’ 
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j 
| 
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be acquired im One 
The 
av be patchily pigmented m infancy. 
until of the first permanent 
darker colouring starts around the anterior 


Sun and tull pigmentation may 
week or not for two or three weeks. oral mucosa 
but usually 


ret molars 


eruption 
[hie un 
wrgins and spreads to the general mucosa and the 
There a ten 
In that 
ot operat on 
pink or only 
uneized the 


advancing maturity is 


fading 


with 
towards 


palate 
old aye tribes 
the Tirne 


penis 


inn 


erreumersion at 
ihe 
hyhtly pigmented ; 

the 


pract 
glans Is 
in adult 
surrounding skin 
the 


about pube rty 


eure males 
lans is as dark as 
or 
the 
a much darker colour 
tend to 
sometines 1 


Such 


In most abor skin is reddish-brown 


chocolat more exposure inn 


or tar north produces 


ctesert 
lose 


thie 


are 


giularly 


fade, 


who weal clothes re 


thei melanin and O meal 


vinal pinkish-yellow people 


inaccustomed ¢ Xposure 


parts 
able to sunburn on 
Head 


bloncbiness 


reda sh 
tral 


hair is us dark brown 1 


flaxen to 
ehildren ot cer 
the 


ot pigmentation 


ranging quite 


the and 


fine 


comnon in 
The 


other 


brown Is 
mith Australia 


hair of body is also 


all aspects skin 


as im all other abor: 
hair begms to darken 
dark 


before 


evebrows and lashes are 


In he 


vears and becomes 


bovs t scalp at 


10 black on brown ike 


tart 


he hair ot pubes and beard 


vent, (rirls to darken | 


WEATHER FORECASTING 


SHE advent of the electronic computer has mace 
attempt by 
The 


atmosphere. 


to 


‘| 


numerical 


weather prediction 
to 
apply 


it 


possible 
observe an 


Newton s 


processes. idea Is 
nitial state of the 
aws and the laws of conservation of energy and mass, 
together with the appropriate gas laws, and henet 
predict the condition of the atmosphere at some time 
in the future, rather as the motions of heavenly bodies 
are predicted in astronomy he earhest attempt was 
wade by L. F. Richardson between the World Wars 
“described his Richardson 
computers, able keep 
He did not visualize computing 
has changed the 

can 


in classic book 


ot 


and 
snalized 
» with the weather 
machines, and their widespread 
position, for computer 
of the weather quite easily 
Active work on this subject is now proceeding in 
United Kindom, Belgium, Holland, Norway. 
Japan, and several centres in the United 
A recent publication from the Meteorological 
of the work being done in the 
forecasting research division. This paper, considered 
in the United States de 
because. for upper wind 
surpass conven 


is 
an army just to 


an electron get ahead 


thre 
Sweden 
States 
Office* describes some 
together with recent work 
erves special attention 
forecasting. numerical methods now 
onal methods of forecasting This does not 
that the conventional with his 
maps will disappear, because, as vet, it 1s only the 
winds which are forecast numerically, not the equally 
mportant weather. A housewife may like to know 


that Monday will be windy because this will facilitate 


mean 


forecaster weather 


Paper Ne 
4 


* Air Ministre Meteorological Onfice 

in Experiment in Numerical Forecasting Knighting 

orbv. F. H. Bushby and C. E. Wallington ) Pp 
nd H.M. Stationery Office, 1961 5, 
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and even when adult may On be md-brown on 
the sealp although axillary 
dark brown or black In 
hair is less common, but 1 
a redder Light body 


there m women and children, 


hair and pubie hair is 
the far north light scalp 
t occurs, and usually with 
hair 1s 


however 


tinge. quite common 
This blond 
ness probably has a genetic basis; it is certamly not 
nutritional disturbance 
have 


western 


due to kwashiorkor, or other 
Aborigines living unde! 
relative ly blood In the 
lesert 40 vears averaged 75-109 mm 
and slightly At CGovernment 
ments, 
tood is available, male pressures were 7 


pressures averaged 


native conditions 


low Pressure 
mercury 
settle- 

European 
119, female 


less urban environment 


men at 
women less 
and 


where easel 


76 In @ more or male 
very similar to European 
expressed on the 
113 
high 
globulin 


males under similar conditions female 75 
In northern Arnhem Land pressures 
males S4—-116, ternale S2 
far examined he 
the 

comparatively 
There 


oceur: 


same basis were 


All 


protem levels, 


“rutin 
range 


aborigines ve 
iaally mm 
low 


appear 


Serum cholesterol-levels are 
not 
Europeans 

the 


ok Lropean levels. 


desert-living aborigines and does 
to be 
\borigima! 


with age 


levels ori 


in 
with 


paralleling 


any rise 


cholesterol] 


roughly rise om 


Dut not tal 


and 


blood pressures 
Serum phospholipid 
rider thre 


levels also rise 


same concditrom 


BY NUMERICAL METHODS 


drving <« lothes, but she ts interested in whethe ! 
it will rain methods at present 
either do not attempt to predict this or they do so 
very badly. 

It is obvious that the atmosphere is a very compli- 
cated affair, yet the primitive (partial differential) 
equations expressing the laws mentioned above look 
Thev do, include all 
motions atmosphere steady trade 
on the the streams in the 
air, depressions and anticyclones, tornadoes 
to mention few of the varied 
Almost alwavs the first thing, therefore. 


or not N imerical 


howe, er, 
the 
jet 


beguilingly simple. 
the of the 
winds surface, 
ipper 
and 
phenomena 
is to simplify the equations so that only events signifi- 
cant to the seale of weather concerned remain. The 
resulting simplified of and the 
artificial ' atmosphere describes then 


great 


showers, only a 


system equations 


somewhat it 
model 

In the United States experience is that the simplest 
model—remains 
phenomena 
the great labour of 
extensive trials has joint numerical 
prediction group Suitland, Maryland 
model regards the atmosphere as describable in 
level only, and the result 
is called the equivalent 
harotropic atmosphere. By extending the calcula 
tion to include almost the whole northern hemisphere. 
and by artificially for the unexplained 
incorrect backward motion predicted for the phenomena 
of the largest useful extra skill above the 
conventional forecaster is obtained and, for long-range 


become a 
and earliest model—the barotropi 
the hest tor 
\fter pioneer work by 


large-scale 


J. Charney. 


forecasting 


been borne by a 


weather at 
The 
every 


way by events at on 


ing simplified atmospher 
correcting 
scale. a 


air navigation. winds forecast in this way are now 


used in the United States 
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In a barotropi atmosphere by its verv nature, 
kinetic energy cannot be generated, and this is clearly 
unnatural since without the continuous generation 
of energy the atmosphere would slow down and soon 
be stopped by the drag of the air on the ground 
This fundamental unreality would appear to be very 
uisatisfactory. However, it is now generally 
accepted that the large scale motions of the general 
cireulation, for which the barotropic model sue- 
cm ds RO well, clo not hay their own source of « neryvyv, 
but derive it from the more ordinary phenomena, 
such as the depressions of temperate latitudes 
In most fluid-flow problems the small vortices obtain 
their energy from the general flow, and it is a remark- 
able property of the atmosphere that here the reverse 
occurs It is therefore reasonable that phenomena 
which have no internal energy source can be described 
by a model which provides none, but this model would 
be expected to fail when kinetic energy was obviously 
being generuted. This is found to be the case 
and most of the active groups working on the problem 
are experimenting with more complicated models 
which can provide the necessary source 

In the Meteorological Office the effort available is 
relatively small, and it has been mainly concentrated 
on the two-layer models which arose naturally out of 
Sutcliffe’s early work. In the work of all groups. much 
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of the success which has been claimed for the compli- 
cated models appeared to rest suspiciously on the 
isolated events which had been used to test them. 
the model being adapted until it succeeded, but 
presumably its success was isolated because these 
models have not appeared in service use. The 
Meteorological Office, in its Scientific Paper No. 5, 
has now published the results of a substantial test 
of a two-layer model, and some significant success 
is achieved. The forecasts appear to have a just 
significant superiority over conventional methods 
The workers have been handicapped by the need to 
work over a limited area so that the influence of 
events outside the region of computation is not 
negligible, and it is to be hoped that they will be able 
to increase their scale of operations in the future 

It seems that the slow improvement in the accu 
racy of weather forecasting must be accepted 
Conventional methods using weather charts, the 
dynamic methods discussed above and elaborate 
statistical methods all seem to achieve a success 
only a little better than persistence. They then 
progress either no more, or very slowly. It may be 
that the block is because the weather is in fact 
indeterminate and it will never be possible to do much 
better, but surely that is a gospel of despair. 

A. W. Brewer 


PRECIPITATION OF SUB-MICRON DUST IN STILL AIR BY CLOUD- 
SIZE WATER DROPLETS 


By Dr. M. M. BHADANI and N, G. T. LUDLOW 


Department of Mining and Minerals Engineering, The University, Edgbaston, Birmingham, 15 


SEARCH of available literature indicates doubt 
A as to the possibility of precipitating sub-micron 
dust dispersions in air by means of water droplets fall- 
ing under gravity. The results of a preliminary in 
vestigation of this problein by Bhadani' indicate that 
such precipitation oceurs readily under conditions 
described im this article 

Some fields, in which further extensions of research 
into the behaviour of fine aerosols in general may 
have special significance, are discussed brietly. 

That such fine dust is produced in eertain in 
dustrial processes is discussed by Sichel®?, who re 
cords large percentages of dust of less than O- lu from 
mine-drilling operations. In certain foundry opera 
tions, too, high percentages of 0-05-0-10u grains 
have bee n report« 

rhe potential significance of sub-micron partie les 
in lung pathology has been established by Pollicard’. 
Dautrebande et al.>, and others, who have shown that 
such fine particles can penetrate into the hing 
alveoli 

\ method of coagulation of fine dust and sodium 
chloride acrosols, both in Brownian motion, is de- 
seribed in refs. 6-8. When breathed into the lungs, 
the hygroscopic sodium chloride-dust agglomerations 
grow larger by absorption of moisture and are de 
posited in the larger air tracts before reaching thi 
alveoli 

The finer particles present in atmospheric pollution 
comprise both man-made and naturally occurring 
substances. Cartwright and Skidmore’, in surveys 
of airborne dusts in South Wales coal mines, concluded 
that atmospheric pollution entering the mines with 


the ventilating air current made it difficult to assess 
the sub-micron dust actually produced in the mining 
operations 

In meteorology great importance is attached to the 
fimetion of tine parti les present in the atmosphere in 
wetting is condensation or fre zing nuclei in the process 
of cloud and rain formation 
presence in air of naturally occurring hygroscopic 
nuclei such as salt from sca sprav and nitrous acid 


Simpson'*® notes the 


from atmospheric nitrogen, in addition to non- 
hygroscopic materials. Nolan and Doherty™ have 
recorded the presence in Dublin air of condensation 
nuclei of 0-OL-0-10u size and with varving concentra 
tions up to about 9 x 1 particles/e.c. of air and 
more, Bowen? has produced ey idence showing a 
possible relationship between regularly occurring 
meteoric dust streams and peak rainfall periods in 
various parts of the world. Cwilong'* has found 
nuclei concentrations of about 10 particles C.c. OF 
air coinciding with abnormal rainfall and meteori 
dust showers. Ludlam!'* has estimated that cosmic 
dust may settle into the atmosphere at a sufficient 
rate to provide concentrations of Aitken nuclei near 
ground-level of 100 particles, e.c. 

When bulk coal from the top seam of the Khost- 
Sharig colliery, Baluchistan, Pakistan, or silica dust 
that is, dust produced by grinding) is dispersed in 
air in a confined space, the larger particles soon 
settle out by gravitational effect, leaving behind a 
fine residual dust suspended in the air medium. 
Residual dust, prepared in this way in a metal cham- 
ber (17 in. x 17 in. x 30 in.), has been found to 
consist of particles largely in Brownian motion. 
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Entering these curves at A. on the 
line of steady scatter angle of the coal! 
in the chamber, 


The Tyndallo 


increases rapidly 


or sihea dispersed 
the sprayer is started. 
scope scatter angle 
from A to B as the combined effect of 
mist m the presence of dust is regis 
tered From B the angle decreases 
sharply to ¢ and then 
increases to D, after which it remains 
constant, indicating equilibrium con- 
At # the spray is stopped and 
the portion of the curve E to F is 
clearly related to the diminution of 
concentration, as the droplets plus 


SOOT. agai 


ditions 


Graph M.D.D 


lyodalk 


C: 
4 


remaining precipitable dust fall to the 
floor of the chamber 

An interesting feature of these con- 
tinuous spray precipitation curves 1s 
the fall in scatter angle B-C followed 
by therise C- J). [tis thought that this 
may be in part due to a temporary 
shower of dust-laden droplets. Evid- 
ence of substantial dust precipitation 
by droplet assimilation is seen in Fig. 
2. This shows an electron microscope 
photograph ot a droplet which 
fallen directly to a ‘Formvar’- 
covered specimen grid, placed in the 
floor of the chamber. 

Comparing all the precipitation 
curves for the coal and silica dusts, it 


has 


« 


on 


12 


Time (inin.) from start of spraying 


m for residual coal and silica dusts 
lusts used, 0-l4ua (1) Instrumental zere 
for residual Pakistani coal dust dispersi 
residual silica di 
absence of dust *recip 
spray 
(AGH) 
()(AGH 


Wate 


rsapray precipitath 
diameter ot 
angi 

anale 

) Curve for spray in the 

Pakistani coal dust with continuous water 
<iliea dust with continuous water spray 

Pakistani coal dust with intermittent spray 

silica dust with int it <pray 


tation 


ipitati 


ermittent et 


fhe average mean diameter of the particles was 
0-14u and the concentration 9 « 10* particles /c.ec. of 
The concentration in the chamber was measured 
by means of the light-seatter angle of a Tyvndallo 
scope. The Tyndalloscope readings of the residual 
dust suspensions before commencement of spraying 


air 


were found to remain constant for several hours, the 
values being 7-8° and 18° for the coal and silica dusts 
respectively. This indicates a steadily maintained 
dust dispersion in which coagulation, diffusion or 
settling were not important factors during the period 
of the experiments. 

When the steady state of the residual dust suspen- 
sion in the chamber was indicated by the constant 
Tyndalloscope reading, water droplets were intro- 
duced into the upper portion of the chamber by means 
of a May'® type spinning top driven by compressed 
air. The Tyndalloscope angle was read at 2-min 
intervals during the precipitation cycles. 

Four sets of typical precipitation 
related curves for residual coal and silica dusts are 
Fig. 1, graphs 1-4, using water spray 

droplet diameters of 10°55 12-46, 
17-464 in separate experiments. The 

water-flow (2:4 ¢.c./min used in 


eveles and 
<how th 
with 

13-68 


in 
mean 
and 


rate Wits 


of 
each case. 

Particular consideration is given here to the con- 
tinuous spray precipitation eurves 5 and 6 for coal 
and silica dust, respectively. 


with related cur 


nm im the 


lispersion in 


ipitation cyck 
ipitation curve 
m curve 


is noticeable that the smaller dropt ts 
are somewhat more effective in elimin- 
ating the dust from suspension than 
the larger droplets. Also the coal dust 
is more readily precipitated than the 


ves 
reading of +3 
absence of 
the absence of 
yele for residual 
for residual 
for residual 
for residual 


silica dust 

rhe reasons for the diverse precipita - 
tion characteristics of coal and silica 
are not fully The con- 
trasting physical properties of coal 
and silica in the presence of water vapour may be 
important in this connexion It well known 
that coal absorbs water vapour'* To illustrate 
this point in the present work, equal weights of 
the bulk silica and coal dusts were placed in separate 
vessels on the floor of the experimental chamber, 
sheltered falling but with open 


understood 


Is 


18 


from droplets, 


lust-ladem water 


4 
Graph J VDD. 105 irapl 12°46, 
, 
: 
= 
No 
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a 
ot hy 
Fig. 2. Electron microscope photograph of 
iroplet (x 1020 
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VISCOSITY OF DUSTY GASES 


By D* 


WAYNE T. SPROULL 


Western Precipitation Division, Joy Manufacturing Co., Los Angeles 


F dust is added to vas flowing turbulently through 
| a pipe or other system, the difference, #7, in pressure 
1 to maimtain the flow at its original (clean 
rate | neciately For air, a dust 
concentration of } kgm. m.* decreases Heabout 13 
H is held constant, the addition of 
increases the flow-rate about 6} per cent, the 
to the square root of H. 
determined by Dr 
1945, but 


slitative observation that the 


requ re 
decreases 
per cent tor 
the du 
flow being 
Phese 
Leo mo out 
published The 
handling capacity ofa 
consid rably with the dust concentration was fanuliar 
here 1935 or earlier 

Curiosity about this effeet led tothe pre sent investi 

Obviously, addition of 0 of dust to a 
metre of clean air, which 
density to 


pProport ronal 


quantitat. results were 


aboratory im never 


\ dust coll etor increases 


about 


uation 25 kgm 
mass of about 


about 1-45 


1 21 per cent increase in the density 


has a 


1-2 kem., will 


Sucl 


iInerease itz 
kgm. /m 
achieved by, for example, cooling the air 
and both theory and experiment agree 
to temperature 


could be 
sufficiently, 
that in density clue 
reduction the value of H required to 
ket P l’ constant bv 21 per cent Yet Briggs found 
that Hf decreases about 13° per cent when this same 
21 per cent density increase is achieved by suspending 


such an mmerease 


will (nerease 


«lust im the aur (or other gas) 

The probable 
addition of the dust 
the gas in order to account for its decreased resistance 
Moreover, the decrease 
because 


Fanning 


explanation seemed to be that 


must decrease the viscosity of 
to flow through pipes, ete 
in the viscosity must be quite a large one, 
empiri al equations such as the so-called 
equation that, for a rate | 
H varies as the 0-25 power of the viscosity. Thus, the 
observed 13 per cent reduction in H for a dust con 
centration of } kgm.'m.% would imply a 43 per cent 
reduction in the This seemed difficult to 
believe; yet no other explanation could be found 

In 1958, I conducted some preliminary tests 
with a and found a decrease of 
about 40 per cent in the viscosity of air, from about 
180 to about LLO when limestone dust 
suspended in it at a concentration of about } kgm./m 
hese results were published only in abstract form! 
The viseosimeter used in 1958 was constructed with a 


show constant flow 


viscosity 


Viscosimeter 


was 


,poise, 


horizontal disk. suspended by a torsion wire, 9 ml 
cond horizontal disk driven by 


Dust settled rapidly on the disks at 


thove a “a motor a 


78 rev. per min. 
the heavy concentration required and this left son 
room for doubt about the results 
Therefore the experiments were repeat din L960 
vertical 


reliability of the 


having «a 
within a 


ising & Viscosimetel 
evlinder suspended coanially 
der. as shown in Fig. | It 
under steady conditions in 
or 1960 experiments. If dust laden 
had been blown 
with a dust 


rotating 
vor! 
LQ5sS 
air from the dust 
throug 


Was not possible 


state either the 
dispersing device steadily 
the viscosimeter cabinet concentration 
of } kgm./m.* over a period of, say, . the dust 
settling within the cabinet would have been so great 
as to fill it about half full and completely spoil the 
Even in I min., th 


20 rin 


operation of the viscosimeter 
lust settling on the floor of the cabinet amount d 
tbout 1 in. at these heavy concentrations. Thus eact 
test had to be conducted rapidly and a result obtained 
The procedure was to blow clean ar 
cabinet at the maximun 
disturbance of the 
the ‘zero 


min. 
through the viscosimeter 
attainable without undue 
inner sensing cylinder After 
deflexion, the outer evlinder was started rotating ; the 
change in the deflexion was taken as a measure of the 
viscosity of the clean air (about 180 uporise Next, 
dust was fed into the disperser at a rate sufficient to 
vield the desired concentration, for about | min 
During this time, the deflexion of the inner evlinder 
decreases due to the reduced viscosity, and the reduced 


within 


rate 
noting 


value must be determined. 

The annulus between the two ey linders was 5 mim 
wide in some tests and 74 in others. More than om 
value was also used for the speed of rotation, 25 and 
50 rev. per min. ; for the dust concentration, 60 and 
240 gm./m.* approximately; and two types of dust 
were used. One was dust consisting 40 
per cent by weight of particles smaller than 10. 
diameter: the other was tale dust 99 per cent by weight 
smaller than 10u. Although the density of th 
individual particles was nearly the same for these 
two dusts (2:5 gm./e.c. for tale and 2-6 gm. 
the tale dust had a bulk density of only 
contrasted with about 1:3 
The results follow 


limestone 


for 
limestone) 
0-3 

for the limestone dust. 


about 


gin. /¢.c., as 


win. 
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ben h of the seven alues in the last column of the 
table is an average of several tests The last 
are to be ounted ou 


shove 
vo, marked with asterisks, 
grounds that with the narrow 5-rim. annulus, the 
IVE ly coarse dust 
reed through the apparatus fast enough to prevent 
disturbing the 


limestone could not be 


excessive settling, without sensing 
evlinder unacceptably 
wed the 
ilue considerably less than the | kgm. mi 


These 


result is imsensitive to 


{ onsequently, settling 
dust concentration in series 6 and 7 to a 
Sat which 


entered the viscosimeter cabinet two series 


d indicate, however, that the 
linder speed 
[The tests of two 
ind tale, 
the coneentration of the dust 
main factor im the 


such different dusts as limestoue 
with nearly identical results, indicate that 
mass per unit volume 


is the effect, and that 


t the Las 
e particle size and bulk density of the dust are 
present results confirm 


that 


elativels 
e LO58 results and indicate 


unimportant Phe 
dusty gas 


D 


} 


Fig. 1. Vertical section of osimeter and enclosing cabinet 
lust-laden air is blown and out at O. Some of it also 
escapes via the route shown by the arrows near F and A, which 
carries it through the annulus between the outer driven cylinder 
VW and the inner sensing cylinder \ N is attached by lugs L to 
rod R, which is supported and aligned by taut wires W, and W, 
The torque transmitted to N by the viscous action of the gas in 
the annulus twists wires W through a few degrees, the angle 
being measured accurately by means of a light beam reflected 
from mirror A The stationary cylinders Q, and Q, eliminats 
end-effects at the top and bottom of evlinder 


than clean 
rhis work 


through with a smaller resistance 


pipes 
gas, because the dust reduces its vist 
has also been published in abstract form? only 

What is the physical explanation for such a large 
reduction in the dust is 
suspended im it theory 


states that the 


OsSITY 


viscosity of a gas when 
Elementary kinetic gas 


ViIscositv. + Is 


density, « molecular 


is the 


in the a erage 
past hi \r 
present ‘ Xperinne nts, remains 


where sis the gas 


and > mean free constant 


as in the 


velocity 
temperature, 
The addition of dust can only 
density, ¢; hence the 
is presumably due to a decrease in the mean free path, 


constant increase the 


observed decrease in viscosity 


vhich in simple kinetie theory is given by 


number of molecules pet 


Loschmudt 
cubic centimetre anda is the diameter of the molecules 


where N is the 


If the dust cloud is regarded as a second gas 


muxed with the true gas in which it is suspended, the 
expression for 25, the mean free 
in the dust-laden gas 


path of the gas 


molecules hecomes? 


"ha 


Ne in the 
sq is the diameter and mg the mass of a dust particle 
The g subscripts designate 


number of dust particles per c.e 


(assumed the same for all). 
similar symbols for the gas molecules. mz, is negligible 
compared to mg, so the final radical reduces to 1. 
Also, Ngog? is small compared to N,o,*, and unless 
this changed. equation (3 
reduces to equation (2) The only that Nyoag 
could be made comparable in magnitude to Ngo,* for 
the dust concentrations used in the present experi 
ments is to assume that o, is an ‘effective’ diameter. 
which might be appreciably larger than the actual 
diameter of the dust particles. Since oq is squared, 
an effective diameter equal to, say, 50 times the actual 
diameter, increases Ngog* by a factor of 2,500, and 
this is sufficient to make its value comparable to 
N,s,°, thus causing equation (3) to indicate a reduction 
in 2, Of about 50 per cent, which, from (1), would 
reduction in the about 
50 per cent, as observed 

Taking the experimental data and reversing the 
that if the dust 
their ‘effective 
diameter, og must be about 150u. This suggests that 
the explanation of the observed effect. may be that 
each dust particle is surrounded by a ‘boundary 
laver’ of gas adhering to it. This is not anew concept ; 
indeed, the derivation of Stokes law for the settling 
of dust particles in a gas* presupposes the existence 
of such a boundary layer. An expression for the 
approximate magnitude of its thickness is®: 


(4) 


a; 


circumstance can bev 


Waby 


account for a viscosity of 


coneludes 
in diameter, 


ealeulation above, one 


particles were all Iu 


where v, in the case of a suspended dust particle, 
would be the difference in the gas velocities on oppo- 
site sides of the particle. From the known velocity 
gradient in the viscosimeter annulus, one may caleu- 
late v for the case of a lu diameter particle, and thus 


evaluate 5 from equation (4). The result is about 


1961 
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mat Cylinder Annulu Observed 
Dust neet speed width Viscosit , 
recent 
ae 
| 
, (3) 
flows 
ay 
: 
“a8 
2 
| 
Lt 
| 
2 


1oo- 500u, thus agreeing re asonably with the value 
calculated for 

Thus, one is left with a picture of the suspended dust 
particles each surrounded by a gaseous boundary 
laver thick enough to make its ‘effective’ diameter 
some 50 or 100 times as great as its actual diameter. 
This imereases the the particles 


suftier ntly to cause the gas molecules to collide with 


ion’ of 


these boundary layers just about as often as they 
collide with unattached molecules (that is, molecules 
not making up a boundary layer for some dust 
particle) 

\ modification of this picture may also be worth 
considering. The velocity gradient in the viscosi 
meter annulus force in direction on 
one side of any dust particle suspended therein, and 
a torce m the ypposite dire etion on the opposite side 
of that same particle. This couple should cause the 
particle and its boundary layer to rotate somewhat 
like the balls between the races of a ball bearing 


causes a one 
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For a tvpical Velocity gradient such as 50 em. se 
per cm., the rate of rotation of the suspended particles 
should be roughly 8 or 10 rev. per sec. This ‘ball 
bearing’ may also help account for the 
observed reduction of viscosity. 

The effect discussed in this article may have sone 


concept 


significance in meteorological theories of rainstorms 
ete., and may even be worth considering in cosmo 
logical theories of the evolution of stars and planet-= 
from dust-laden gases. It is also possible that thi- 
phenomenon might be applied to develop a practical 
instrument for measuring dust 
industrial smoke-stacks and flues 


concentration in 
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BIOCHEMICAL CHANGES ACCOMPANYING IMPAIRED RESPIRATION 
IN STAPHYLOCOCCI 


By Prot. G. F. GAUSE, G. V. KOCHETKOVA and G. B. VLADIMIROVA 


Institute of Antibiotics, Academy of Medical Sciences, Moscow 


N a recent discussion of the cancer proolem', 
| mutants of yeasts with impaired respiration have 
been compared with cancer cells which also have a 
respiratory deficiency. In this connexion, mutants 
of staphylococei with oxidation defects which can 
he observed in cultures of some strains are of great 
interest?’ 

A new method has been developed for the isolation 
of staphylococci with respiration deficiency from parent 
eultures. which is based on the selective inhibitory 
action of fluorinated pyrimidines (Table 1), 
recently prepared as a new class of tumour-inhibitory 
The growth of staphylococci with impair 
ed re spiration (mutant ut -3) 18 approximately sixty 
times more vulnerable to the inhibitory action of 5 
fluorouracil than the growth of the initial parent 
eulture (S. aureus 209). In both cultures the inhibitory 
action is reversed by uracil. but not by thymine. On 
the other hand, fluoro-2-deoxyuridine inhibits 
growth of the parent culture of staphylococci much 
effectively than 5-fluorouracil, and this inhibi- 
tion is reversed by thymine but not by uracil 

It therefore appears that 5 fluorouracil and 5- 
fhuoro-2-deoxvuridine are blocking different metabolic 
staphylococci. In aecordance with 
present 5-fluoro-2-deoxyuridine blocks the 
formation of thymine which is required for the 


compounds 


more 


pathways in 
views, 


PYRIMIDINES 
Liquip 


SOME FLUORINATED 
STAPHYLOCOCCL IN 


Table 
REQUIRED TO LNHIBIT THE 


lL. CONCENTRATION OF 
GROWTH OF 
BkOTH 


organist 


Compound Miers 
ouracil Staph. aureus 200 
+ thymine (100 
+ uracil (100 
»- fluorouracil 
+ thymine 
+ uracil 
fluoro-2-deox yuridine s 20 2h 
thymine 100 
+ uracil 25 
luero-2-deoxyur 1.000 


svnthesis of deoxyribonucleic acid‘, It is very signiti- 
cant that 5-fluoro-2-deoxyuridine does not inhibit 
the growth of mutants with impaired respiration 
either in liquid or solid media, even at the maximum 
concentration tested, namely, 1,000 ugm./ml. This 
points to the possible synthesis of deox vribonucleie 
acid thymine by different pathways in mutant and 
parent strains. Another possible explanation for 
this phenomenon is that it may reflect the relative 
impermeability of the mutant cell to 5-fluoro-2- 
deoxvuridine, so that the drug does not reach the site 
ot its action. 

The observations given above were used for the 
development of liquid nutrient medium, selectively 
inhibiting the growth of parent staphylococci and 
favourable for the multiplication of mutants with 
impaired respiration. For this purpose a nutrient 
broth contaiing peptone (0-5 per cent), 
(1 per cent), sodium chloride (0-5 per cent), Hottinguer 
digest (30 ml./l.), corn steep liquor (0-2 per cent), and 
5-fluoro-2-deoxvuridine (100 was dis- 
tributed into test-tubes, and seeded with suspensions 
of the parent cultures of staphylococci (strains 209, 
D, G, and 121). The staphylococci were prev iously 
grown on meat-peptone agar for 24 hr. at 37° C.. 
washed using physiological saline solution, diluted 
to a concentration of 2 x 10* cells/ml. and added to 
the selective medium in the amount 0-10—-0-05 ml. per 
1 ml. of broth. Parent staphylococci did not grow 
on this medium due to inhibitory action of 5-fluoro-2- 
deoxyuridine, but any mutants with impaired 
respiration which were present in the parent inoculum 
multiplied. 7 


glace ne 


ugm./ml 


If, after 5-7 days of incubation of such 
tubes at 37° C., their contents were plated on nutrient 
agar containing 5-fluoro-2-deoxvuridine (25 ugm./ral.), 
in some cases pure cultures of mutants were observed 
instead of the parent culture. These mutants were 
observed more frequently in the strains D and 209; 
in the strains 121 and @ they were not recorded 

Numerous experiments have shown that the quantity 


tan 
‘ 
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of moculum added to the selective medium is of great 
importance. If one adds too many parent cells, these 
acidify the medium and inhibit the growth of mutants, 
which require a neutral or slightly alkaline medium 
for their multiplication. If the parent cells are too 
few, the probability of occurrence of mutants among 
them is negligible. 

Mutant staphylococci isolated by the new tech- 
nique show the same changes in respiratory activity 
which have been pres iously reported? . The respira- 
tory coefficient is decreased by 40-60 per cent as 
compared to parent values, while the respiration is 
less sensitive to cyanide. The cytochrome pattern 
is also altered in the new mutants. Whereas normal 
staphylococci reveal three bands of cytochromes, 
a,(630 mu), a,(600 mu), and 6,(557 my), in mutants 
the band a, is not visible, either under usual con 
ditions of observation or when liquid nitrogen with 
the subsequent devitrification is employed. Instead 
of band 4,, two new bands are observed in mutants. 
at 563 and 553 my, which are easily oxidized and 
reduced in the presence of succinate. In respect of 
splitting of 6, band of cytochromes, the mutants of 
staphylococci with impaired respiration resemble the 
respiratory -deficient mutants of FL. coli 

Further investigations have shown that 
with respiratory deticiency in staphylococci differ from 
the parent culture in a number of important bio- 
chemical characters. It may that 
respiratory defects, as well as other hereditary meta 
bolic alterations, can be related to some disturbances 
in the synthesis of deoxyribonucleic acid in mutant 


mutants 


be suggested 


staphylococci. 

Pigment. A characteristic feature of staphylococci 
with defective oxidation is their rose-orange intra- 
celhilar pigment, which is lackimg in cells of the parent 
culture Mutants were cultivated on the nutrient 
agar and extracted by ethanol. The absorption 
spectra of the ethanolic solutions of pigments so 
nine different respiratory-deficient 
mutants of staphyvloecocei were studied, and found 
to be very similar. Fig. | presents the data for pig 
ment from the mutant No. 16, revealing @ maximum 
optical density at 475 mu. This observation points 
to the possibility that respiratory defects in mutant 
staphylococci are accompanied by some disturbances 
in the metabolism of flavins. 


obtained from 


350 400 450 500 950) 
Wave-length (mp) 


intracellular pigment 


Fig. 1 Absorption spectrum of the of 
respiration, strain No, 16 


mutant staphylococci with impaired 
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Synthesis of vitamin B,,. Theoretical considerations 
put forward by Woolley® suggest that alterations in 
flavins affect the biogenesis of vitamin B,, 
Experimental observations by the author? 
indicate that respiratory defects and dedifferentiation 
of cells in some strains of spontaneous tumours ot 


Same 


mice are accompanied by the ability of these cells 
to synthesize vitamin B,,. 

The content of vitamin B,, in the cells of parent 
staphylococci as well as of a number of respiratory 
deficient mutants, which were grown on the liquid 
medium under identical measured 
with the aid of chromatographic and bioautographic 
techniques**, using the culture of coli 113-3 
The results of these measurements are presented in 
Table 2. 


conditions, was 


PARENT 
MUTANTS 


Table CONTENTS OF 


VITAMIN IN THE CELLS OF 
STAPHYLOCOCOL AS WELL As IN 


RESPIRATORY-DEFICIENT 


Strain Strain 


Parent 209 Mutant 
Mutant 3 Muti 
Mutant Muti 
Mutant 16 Mutan 
Mutant 15 Mut 


It can be seen that the content of vitamin B,, 
in the cells of mutants may be increased almost a 
hundred-fold as compared to parent cei 

Catalase. Suspensions of staphylococei adjusted 
to 20 mgm./ml. dry weight were disrupted using a 
Mickle disintegrator at 0° C. and Ballotini glass balls 
No. 12. The catalase activities of the cell extracts 
were estimated spectrophotometrically’®. Table 3 
shows that respiratory-defective mutants contain 
much less catalase activit¥ than the cells of the parent 
strain. 

CONTENTS OF CATALASE (IN ARBITRARY UNITS) IN THE 


STAPHYLOCOCCI AND LN THE RESPIRATORY -DEFICIENT 
MUTANTS 


Table 3 
CELLS OF PAREN 


Strain ‘atalase 


Parent 200 4-02 
Mutant 2 O50 
Mutant 21 0-56 
Mutant 16 


Amino-acid composition of the cell wall Prelim 
inary experiments carried out in collaboration 
with Drs. H. Rogers and H. R. Perkins showed a 
difference in cell wall composition between parent 
and mutant cells of staphylococei''. This observation 
has been confirmed using the new Park and Hancock"? 
procedure, which was found to be very efficient. In 
hydrolysates of cell wall material of parent staphylo- 
cocci, in accordance with the published evidence", 
the following components were recorded: alanine, 
glutamic acid, glycosamine, muramic acid 
and lysine. In mutants with impaired respiration 
(uv-2 and uv-3) only traces of lysine were recorded 
while diaminopimelic acid was Since 
many bacteria possess the capacity to decarboxylate 
diaminopimelie acid into lysine™, the substitution of 
lysine by diaminopimelic acid in the cell wall of 
respiratory -deficient mutants of staphylococei might 
indicate the loss by mutants of this specific decarb- 
oxylase In the cell wall material of mutants were 
recorded also alanine, glutamic acid, glycine, glucos- 
amine, muramic acid and aspartic acid. 

Selective inhibition of the grou th of mutants. In 
extension of earlier observations’, a new series of 
alkylating agents, antimetabolites of nucleic acids, 


piyecine, 


observed. 
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and antitumour antibiotics was tested in relation 


to their possible selective inhibition of growth of the 
respiratory -deficient mutants (Table 4 

seen that antitumour agents (in contrast 
Tetrac 


It can be 
to the 
selectively inhibit the growth of mutants with impaired 


antibiotics streptomycin and velimes 
oxidation 

It is 
antibiotic mitomycin C inhibits 
a hundred times more effectively than that of parents 
The mechanism of action of this inhibitor on bacteria 
related to the to the 
deoxvribonucleic 
the fact that 
staph yloe differ 
bioche mical 


that the 
the growth of mutants 


interesting to record antitumour 


has been selective damage 
acid" 
rm spirator \ 


from the 


characters, a 


synthesis of 
In view of aenhierent 
rnutants of parent 


organisms in a number of 
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further analvsis of the mechanisius of the select 
inhibition of the growth of these mutants by ant 
tumour compounds would be desirable 

Some of the observations reported in thi 
were started at the time of tenure by 
G. F.G.) of the World Health Organization felloy 
ship at the National Institute for Medical Researe?.. 
London. The senior author is grateful to Sir Charl 
Harington for hospitality and to Mr. J. W. Lightbow 
for many helpful discussions 
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AN INVESTIGATION OF CLOSELY RELATED GAMMA-MYELOMA 
PROTEINS AND NORMAL MOUSE GAMMA-GLOBULIN 


BY PARTIAL ENZYMIC DEGRADATION AND 
STARCH-GEL ELECTROPHORESIS 


By Dra BRIGITTE A. ASKONAS and Dr. J. L. FAHEY* 


Nationa | Institute for Medical Research, London, N.W.7 


YVAMMA-GLOBULIN as normally found in the 
J serum of mammals is highly 
its physico-chemical characteristics 


of its chemical structure is hampered by the difficulty 


he terogeneous in 
Investigation 


of obtaining y-globulin fractions consisting of single 
molecular species. The serum y-globulin is derived 
from a large number of cells in many sites throughout 
the body!. The y-myeloma proteins produced by one 
of the transplantable plasma cell tumours, by con 
trast, although very similar to normal y-globulin in 
most respects, appear to be limited to a small number 
of molecular species, probably produced by a sings 
plasma cell clone and may therefore provide a simpler 
model for structural studies of y-globulin. 
The serum of ¢ mal Trice bearing one of the 
plantable plasma cell tumours (Y5563) contains a 
high myeloma protein®. By 
analysis on starch-gel electrophoresis, this y-myeloma 
protein was found to of five distinct 
ponents which are indistinguishable immunologically 
and had the same molecular size, but varied in electric 
charge*. In an attempt to discover a basis for the 
difference between these related Y mveloma 
proteins produced by a single plasma cell tumour 
and possibly to throw light on the complexity of 
normal y-globulin, we had recourse to partial degrada- 
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tion of the proteins with papain and cysteine. Suei 
treatment has been shown by Porter‘ to split rabb 
antibody into fragments with sedimentation constant- 
of 3-5 and molecular weights of 50,000-70,000 
Purification of proteins and papain 
Normal y-globulin was prepared from concentrate: 
C,H mouse serum by zone electrophoresis on block- 
425° (Britisi: Ltd.) by the methos 
deseribed in ref. 5. This preparation 
y-globulin, migrating more than §-globulint 
The 5563 myeloma proteins were prepared from serv: 
of tumour-bearing mice by chromatography o: 
columns of DEAE cellulose? elution 
gradient from 0-015 MW to 0-05 M potassium phosphat: 
buffer, pH 6°5 (ref. 6). 
myeloma proteins vary by only small differences in 
separation of the globulin 
fractions of 


freatimes 


ot “Creon 
contaimner 


slow ly 


using a slow 


Since the components of th» 


only partial 
be achieved and 


contained 


charge, 
molecules can main! 


one component also small amounts © 
adjacent components. 

The characteristics of the purified proteins on 
starch-gel electrophoresis are seen in Fig. 1. The 
striking spread of the normal y-globulins over a wide 
area is an indication of their heterogeneity whereas 
the y-myeloma proteins form well-defined band 
varying in mobility. Fig. 1 the myelome 
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ir and the purified mys 
ein components ¢ d and a h The 
globulin sedimented at the 

ume rate (No 6-5) in the ultracentrifuge. 
lhe purified proteins were treat d with papain and 
steine as deseribed by Porter', except that meuba 
was continued for | hr 


the 5563 tru 


eloma proteins and 


on with the enzyme at 37 
rui\ The reaction went to compl tron inn this time 


th more than SO per cent of the protem recove red 


on weight basis, whereas longer periods of incubation 
resulted in losses of the split 5563 globulin (Analysis 
bv ultracentrifugation was kindly earried out by Dr 
P. Charlwood and showed that, as in the case of rabbit 
antibody’. y-globulin and myeloma protems 
ere split into smaller molecules of S,, around 3-6 

digests 


mouse 
fraqments in f 
fied proteins The papain digests of 
vslobulin and 5563 tiv eloma protems were examined 
by immunoelectrophoresis against a mixed rabbit 
--globulin and 5563 mveloma 


(Characterization of papain 


normal 


intiserum to normal 
protein (Fig. 2). Treatment with papain and cysteme 
with distinct 
two 


fragments 


Each 


results in two types of 
digest 
intigen-antibody precipitation which 
Similar results have been obtained with 

globulin (Edelman ef a/.*) and, for simplicity, these 
will be followed for the mouse 


which 


antigenic Characteristics gives 
arcs cross 


human 


‘ ithors’ nomenclature 
globulin. The migrating 

yrve towards the cathode from the pomt ot applica 
on) and the fast migrating fragments (which move 
have S- and F-antigenic grouping 
observation that the precipitin 
interaction is taken to indicate 


slowly fragments 


vards the anodk 
respectively. The 
without 
it the S and F fragments have different structures 
and do not share anv antigenic groupings 
Analvsis by eleetrophoresis 
arked physicochemical heterogeneity of globulin 


cross 


starch-gel revealed 
fragments in the papain digests of these proteins 
(Fig. 1). The multiple well-defined protein bands, 
een in the papain digests of the myeloma protein, 
are again in sharp contrast to the diffuse heterogeneity 


f the papain digest of normal y globulin. It also 


that the different myeloma 
b). + d) vield fragments, some 
identical and some of which differ 


present in different quantities 


can be noted protein 
components 
of which are 
qualitatively or are 

The papain digests were fractionated by chromato 
graphy on DEAK cellulose using gradient elution with 
potassium phosphate bufters of pu 8 (Fig. 3 Four 
protein peaks were obtained Phese 
trated by ultrafiltration and analysed by starch gel 
el ctrophore sis and by gel diffusion in an Ouehterlony 
plate against antiserum to 5563 protem. 
As a result it was possible to classify the chromato- 
und the many physico 
seen on starch-gel 


were concen 


mvelonu 


graphic protein fractions 
chemically different 
electrophoresis into two major Zroups (S and F) on 
basis of their Peaks 


see chromatographic ehition pattern, Fig. 


fragments 


the antigenic characteristics. 
S., Se 
3) were found to have the same antigenic groupings, 
when tested in a gel 


This is shown 


reactions of identits 
with 


giving 
diffusion antiserum to 
protein and normal mousesy-globulin 
for S, and S, in Fig. 4. The chromatographic peak 
F. however, had distinet 
antibody-antigen precipitation 
of the S, fragment on an Ouchterlony diffusion plate 
(Fig. 4) 
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Fig. 3 Chromatography of papain digest of 5565 
tein Chromat« was carried out o1 olumns of 
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vdicated on the 
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myeloma pro 
DEAR 
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were 


re 
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ye 4 rhe antiserum used was a ture of antiserum to normal mouse ager 
yer ma wrote The proteins had 
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SEDIMENTATION CONSTANTS 


Whole protein Papain digest 


Normal y-globulin 65 36 
Myeloma protein (comp. 


Papain digest 5563 myeloma proteu 


pents ad 66 62 


The sedimentation constants were kindly determined by Dr. P 
Charlwood on samples extensively dialysed against saline-phosphat« 
buffer, pH 7-4 at concentrations of (3-0-6 per cent (w/y) 


starch-gel bands S,. Peak F, 
however, consisted of a number of fragments in the 
Fe positions on starch electrophoresis Table ] 
shows that the fragments S,, S, and F had very 
similar sedimentation constants in the ultracentrifuge 

Comparison of different 5563 
It was mentioned earlier that plasma cell tumour 
5563 secretes Y myeloma proteins consisting of five 
which have slightly different 
mobilities on starch-gel electrophoresis. The differ 
ence in electrical charge 5563 
molecules a and d must be at least 3 single or multiple 
units in view of the regularity in increase of 
The separated components on treatment 


S, and S,, respectively. 


myeloma prote ins 


components (a @) 


bet ween myeloma 
‘ harge 
mobility. 
with prebpraine and cysteine break down to fragments 
giving different patterns on starch-gel electrophoresis 
Fig. 1). For purposes of discussion only fragments 
composing more than 5 per cent of the total protein 
will be considered 
protein a 
pattern shows a strong band in position S, 
weak band migrating more slowly than S, which is due 


Papain digest of 5563 mveloma 
The starch-gel 
there is a 


}) will be considered first 


to contamination of the original myeloma protein with 
4-globulin There are four bands, F, F,. with 
F-antigenie grouping which migrate faster than the 
S bands. An approximate estimate of the quantity of 
different fragments may be obtained by making the 
starch-gel transparent and staining in glycerol by 
the method in ref. 9. The colour intensity of the 
bands is measured by a recording microdensitometer. 
This method under-estimate the relative 
amount of fragment S, present in high concentration 
and over-estimate the minor components (FF, F) 
Similar estimates were made by calculating recovery 
of different protein fragments from the chromato- 
graphic elution patterns (Fig. 3). The combined 
estimations are seen in Table 2. Both methods are 
very approximate, but indicate that fragment S, 
represents about two-thirds of original globulin 
molecule and fragments FF, one-third. Myeloma 
protem a( 4 6), on treatment with papain and evsteimne, 
thus splits into a single fragment (S,) with S-antigenic 
grouping (two-thirds of total protein) and a number 
four) of fragments with F-antigenic grouping repre- 
senting roughly one-third of the original protein. 
The papain digest of myeloma proteins ec + d 
shows a slightly different pattern on starch-gel 
electrophoresis (Fig. 1) and yields two fragments 
with S-antigenic grouping, one in the same position 
as S, and a fragment with greater mobility, S,. 
In addition, four or five fragments with F-antigenic 
grouping can be observed. They are present in 
different quantities from those in the papain digest 
A quantitative estimate 


tends to 


of myeloma protein a(+ 6) 
of the relative amounts of papain fragments shows 
that we have about 36 per cent of S, and 20 per cent 
of S,. Fragment S, and fragment S, with S-antigenic 
grouping represent about two-thirds of the original 
myeloma protein, whereas the F-fragments (F';-F’,) 
represent about one-third (Table 2). Table 2 also 
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Whole protein 


Empty 


) DEAE-cellulose 
chromatographi« 
fractions of 

papain digest 


Whole 
protein 


comparison of papain fragments of 5565 
agar diffusion Centre cup, rabbit anti 
serum against 5563 myeloma protein intigen was present at 
oneentration of 0-2 mgm. protein/ml. Whole protein refers t 
loma protein purified by DEAE exchange cellulose (ref. 3 
F were prepared from 5563 myeloma protetr 
iphy or DEAE 


Fig. 4 Antigenic 
myeloma protein by 


mye 

Fractions Sy + 

treated with papain and cysteie by chromatougr 
3) 


the relative distribution of fragments when 
myeloma proteins 6 + ¢ with intermediary electro- 
are treated with papain and 
cysteine. In this case 15 per cent of fragment S, 1s 
formed. The ratio S,/S, thus when 
myeloma proteins a,b + ¢. and ¢ +d are broken 
down, but the vield of total fragments with S-antigenic 
groupings stays and represents roughly 
two-thirds of the original protein (65-72 per cent by 
our estimations). Once more the relative amount of 
total fragments with F-antigenic grouping stays 
constant represent ing 28-35 per cent and 
about one-third of the original protein molecule. 
The relative concentrations of F-fragments with 
different: mobilities vary—when the faster migrating 
myeloma proteins are degraded higher concentrations 
of faster migrating F-fragments appear. The mobility 
of the original myeloma proteims thus appears to 
depend on variation in electric charge in both the 
fragments with S- and F-antigenic groupings. 

In general these results agree with the results 
obtained by Porter’, which suggested that rabbit 
antibody globulin split into three fragments roughly 
one-third the size of the original molecule. The 
5563 myeloma protein, on treatment with papam 
and cysteine, appears also to split into thirds. 
two fragments with S-antigenic grouping and one 
fragment with F-antigenic grouping. The slowest 
migrating myeloma protein yields a single S-fragment 
(S,) two-thirds of the original protein, but a number 


shows 


phoretic mobilities 


deere 


constant 


Table 2. ESTIMATE OF RELATIVE AMOUNTS OF PROTEIN FRAGMENTS 
RESULTING FROM PAPAIN AND CYSTEINE TREATMENT OF 5563 MYELOMA 
PROTEINS 


Myeloma proteins treated with 


eysteine and papain a (+h) b+e 


Papain digest fragments 


Per cent of total prote 
46°5 


tatio total S/ Ft 
Ratio 
* Values are approximate and based on measurement of colour 
ntensity of stained protein bands after electrophoresis on a starct- 
gel block stained in glycerol (ref. 9). This method is known to under 
estimate the components present in high concentration compared wit! 
those present in smaller amounts. F : 
tValues based on protein elution pattern resulting from chromat«- 
graphy of papain digests on DEAE cellulose (Fig. 3). This method is 
quantitatively more reliable, but does not distinguish the different 
F-components. 


FT 
3-73 
371 bie 
$51 
é 
54 33-5 ae 
56 19°5 22 
21 14-6 7-3 
F,* 10-4 13 13-6 
7-3 3 14-2 
F,* 2-7 3 9-5 
Sst 67 55 36 
S,t 5 15 29 
rota] St 72 70 65 file 
Total Ft 35 
; 
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‘ leetrophoresis) 
leet rophoret 


fragments (varying im mobility on starch-gel 
Myeloma proteins with increasing 
vield S, and 
smounts of fragment S,. which migrates faster than 
S,, but the total amount of S, + S; remains constant. 
\ quantitative variation in the F-fragments is also 
observed when proteins with inereasing 
mobilitv are degraded \ single difference between 
NS, and SN, could not account for five original myeloma 
s, and it is therefore likely that there are 
F-portion of the moleeule. It 
remains to be seea whether the multiplicity of the 
F-fragments resulting from myeloma protein a(4- 6) 
are consequence ot progressive enzymic digestion 
f a single #-fragment or whether a single myeloma 
band contain different frag 
ments with F-antigenie grouping to start with. The 
gradual loss of fragments with /’-antigemie grouping, 
f incubation with cysteine and papain is continued 
tor 1 hr., may support the first 


mobility mereasing 


mveloma 


compomernt 


Iso variations in the 


protein Can molecular 
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bility. This poimt and the difference between 
S, and S, are being investigated further. 

We are indebted to Dr. P. Charlwood for determ 
inations of sedimentation coefficients by ultra- 
centrifugation, to Dr. M. Potter for sending 
the 5563 plasma cell tumour line, and to Dr. R. kh 
Porter and Dr. J. W. Goodman for a gift of papain 
We should like to thank Dr. R. R. Porter and Dr. 
J. H. Humphrey for helpful discussions, and Mrs. 


Marion Perryman for her assistance 
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RESPIRATORY EFFECTS OF PHOSPHORYLATION 


By Pror. H. LUNDEGARDH 
Penningby, Sweden 


ALDATIVE phosphorylation is the maim mechan 
( ism for transfer of energy from the respiratory 
system by converting adenosine diphosphate (ADP) 
to adenosine triphosphate (ATP)'°. The reaction 


ADP + = ATP (1) 


+ controlled by a number of enzymes, enabling ATP 
oO transfer energy to many svathetic processes in 
the protoplasm. In oxidative phosphorylation the 
supply of energy on the left side of equation (1) is 
delivered by the stream of electrons moving from an 
enzyme of lower oxidation potential to an enzyme 
of higher potential (the difference is 0-17 V. for a 

ATP and similar compounds 
the main energyv-distributing 
system, the inhibition of which leads to rapid degrada- 
tion of the living structure 


PO, + energy 


two-elect ron process). 


are thus serving 


as 


The mechanism of oxidative phosphorylation is 
still incompletely known. It has been claimed that 
the eneryv from a flow of electrons between a donor 
8) and an acceptor (4) may be transferred to ATP 
over an intermediate reaction?-*'’. Phosphate may. 
at a low expense of energy, be combined with one of 
the enzymes, for example, as B PO,, and then, 
on oxidation by A. transferred the high- 
energy ATP. Another possibility is phos 
phorylation by means of an intermediate substance, 
for example, @ quinone’. It is postulated in both 
cases that the electrons are transferred from B to A 
through intermediate reactions. Even if other more 
direct pathways of transfer between A and P exist, 
phosphorylation would an 
accelerator of the stream of electrons through the 
respirators 


be to 


state of 


consequently serve as 


system. This suggests the possibility of 
observing the effect of phosphorylation and the pos 
sible sites of this process by measuring the apparent 
reaction velocities of the enzymes involved 

\ suitable technique has been developed on the 
basis of new spectrophotometric methods for accurate 
measurement of the time of reduction and 
reoxidation of all respiratory enzymes?:!*:'!, These 
methods may be applied to live intact tissues or cell 


course 


Owiny to the mevitable invalid- 
respiratory unit, particulate fractions 


suspensions 
the 
of homogenates are 
The present article deals with oxidative phosphoryla 
tion in bakers’ yeast. The experimental technique 
based on the reversibility of the steady-state 
reaction (1). It that, in 
supply of inorganic phosphate promotes an increasing 
reduction of the ceytochrpgmes, whereas the level of 
oxidation is raised by addition of ATP (ref. 8). These 
results were interpreted in terms of a displacement of 
the steady-state equation (1) by an increase or a 
decrease of concentration of the reactants. Nucleo- 
tides penetrate the protoplasm easily Application 
of ADP + phosphate or of ATP to a yeast suspension 
affects the course of eleetron transfer in than 
3 min 

The experiments 
Bakers’ yeast (from 
thoroughly washed and 
suspension is introduced into a quartz circulation 
vessel?:!! The is placed immediately im 
front of an E MJ quartz photomultiplier tube 6256 
connected to a Philips oscilloscope GM 5666. By 
special electromechanical device’. 
which moves the wave-length screw of a Bausch and 
Lomb grating monochromator rapidly between two 
end-intervals!!:'*, a suitable portion of the spectrum 
is recorded in a Zeiss Frequentophot camera. The 
bands of cytochromes ¢ (550 mu) and 6 (562 mu) are 
directly visible on the record'?, Other band-peaks 
diphosphopyridine nucleotide (DPNH) 340, flavo- 
protein (FP) 465, cytochromes a, 444 and 598, ¢, 554, 
and a 604 mu) are caught by means of a mechanical 
device which interrupts the oscillographic image at 
these wave-lengths'! 


ation of 
suitable for these studies 


less 


Was 


was shown* wheat -roots, 


less 


follows 


AB) is 


were conducted as 


Svenska Jastfabriks 
16 ml. of a 5-10 per cent 


recipient 


means of a 


Precise measurements of band-heights postulate 
intimate knowledge of spectral coincidences and of 
the spectra of purified enzymes®:!!!?, The time-course 
of the reduction of the enzymes at stopped aeration 
(or shifting over to nitrogen) and the reoxidation in 
air (or oxygen) may be varied, owing to the degree 
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a4 

7 

Ne 

gue 

: 

| 

: 
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of exhaustion of respiratory substrates in the washed 


yeast, and the level of temperature. ete Reduetion 


of the respiratory enzyrnes is completed in @ few FP 
seconds at IS C.. but reoxidation may sometimes take 
only 1-2 see Experience has shown that a speed 
of 4 spectrograms per see. in all circumstances : 
secures a reliable calculation of the half-times (/¢ ~ 100 4 
4) per cent reaction) of reduction and reoxidation = 
apparent velocity is calculated as cht 
reacting portion of the enzyme fed. 
new hnique was mtroduced for teasuring the Respirat > 
mtensity of respiration during the single exper! 
ments It was shown in this laboratory that the Fig and apt + 
time-lag between turning off the air stream and the redue uidition of O01 M ATP toa 
start of reduction of the evtochromes 
inversely proportional to the velocity of respiration 
provided that the periods of aeration are held con electrons at constant velocity of the transference 
stant This demand is fulfilled by the introduction q, O,, the cytochromes ¢ and a,. and flavoprotein 
ofa timer which, by means of electromagnetic \ alves are 20 40 per cent more re duced in the aerobie stat: 
regulates the intervals of aeration (15 and whereas evytochrome and DPN remain more 
stopped air-fiow mostly 75 se Processes which affected. The balance between oxidized and reduced 
are not directly linked to the respiratory chain are enzvme is determined by the relation A, &, in the 
eliminated by the internmuttent aeration sequences 
At the start of the single experiments the apparent 
elocities of reduction and reoxidation in distilled rie 
vater were recorded Trmmediatels following the A 
on-reaction oOft-reaetion 
tart the test s ibstance was added to the ree pr mt 
The response wae antomatically recorded in 4.6, 10, ky and &, represent the velocities of the on- and of 
16 min reactions 
Results The fact that the step a, ©, does not respond to 
ADP leads to the conclusion that this step is no 
Addition of ADP, with or without phosphate involved in phosphorylation The only known cast 
the latter is always present in yeast cells), results in of an actual acceleration of the stream of electron- 
an imcrease of the respiration Fig. 1). the maximum from evtochrome oxidase to oxvgen ‘3 the salt effect. 
of which is attained in 3) 4 nun \s shown in Table 1. the nature of which has been discussed else 
the respiratory effect 1s caused by an acceleration where!®!3.4 Another important difference Lobeminain 
of the stream of electrons, namely, an increased the effects of ADP and salts is the response of cyto 
elocityv of reduction of the group da, ¢ and of DPN chrome b. In contrast to the uniform response of the 


This increased reduction conveys @& corr sponding total chain of enzymes to salts. glucose and alcohol 
retardation of the reoxidation, because the off ADP reveals a segregation inasmuch as the reduction 
reaction of cytochrome oxidase. namely, the transi of evtochrome 6 is not accelerated 


This ( behe of evtochre » does 
tion a, -O, remains approximately unaftes ted. Meas individual behaviour ytochrony 10 
rrements show this to be the case (ef Figs Fe 3 As 


TIETLCE ot the increased internal supply ot 


not mean. however, that it is by passed by the elec 


trons An intensification of the stream of electron 
at 


hetween and ¢ — a, creates a ‘vacuum’ at appeal 
as a relatively retarded reduction The observed 


ing 
{/® facts are leading to the conclusion that the transition 
\ } cis one of the main sites of oxidative phosphoryla 
‘| My tion. Cvtochromes c and a, are. as previously shown 
// \ closely linked together kinetically and the observed 
/ identical response of these two enzymes Table 1 
/ / x leaves little room for intermediate reactions 
| The response of flavoprotein to variations im the 
ADP/ATP balance is not identical with that of 


- j 
/ Table 1. CHANGE OF THE ReLaTIVE VeLocrry OF 
FP red STOPPED AERATION) 3-6 MIN. AFTER ADDITION OF LOO MGM ADP 
ATP SALT CORRESPONDING TO CONCENTRATION 
rol MOLE TI At TIME OF PERI ENT REACTION 


it and apparent velo 
fool WADP Similar values are obtaine 


Fig. Response of respit 
juction ar treoxidation on addition 
t 


veast suspensiol 
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— 4 i Response on O23 0-27 013 
ATP (= 37 (- 30 ) ; 4 
ent wer ent per cent 
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410 fter addition of 
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evtochrome & It was shown earlier that flavoprote in 
sometimes acts simultaneously with eyvtochrome 
and that one fraction of it may be linked structurally 
to the latter! 
hand. distributed over at least two enzyme systems, 


rhe total flavoprotein is, on the other 


of which one is identical with succinodehydrogenase 
rhis fact may explain the rather varying response 
of tlaveprotein in the present experiments. The 
results are. however. not opposed to a possible 
site of phosphorylation near flavoprotein (for the 
effect of succinate oxidation on phosphorylation see 
ref. 16 

DPN is known to participate in a large number ot 
enzyme reactions. Table | shows a strong accelera 
on of the step substrate DPN under the influence 
of ADP and a corresponding retardation by ATP; 
these facets illustrate the well-known role of substrate 
oxidation by DPN in oxidative phosphorylation 

The theoretically expecté d reversal effect of ATP. 
as compared with ADP, is illustrated by the steady 
state equation (1 Fable 1 and Fig. 2) Addition of 
ATP retards the transport of electrons frome sub 
strates to DPN and from evtochrome 6 to ¢. Conse 
ntlv. the aerobu respiration declines. Values 
of only 50 per cent of that im distilled water were 
observed (Fig. 2) The steady-state oxidation 
reduction of respiratory enzymes in aerated yeast. 
treated with ATP. shows an increasing oxidation, 
primarily, of DPN and the cytochromes 6 and « 

2.4-dinitrophenol (DNP) inhibits phosphorylation, 
but it aets, nevertheless. similarly to ADP It 
accelerates the eleetron transfer from cytochrome / 
to the group ¢ —a, (Table 2 and Fig. 3). This facet 
indicates a competitive effeet of DNP, name lv. this 
substance is obviously capable of transterring ¢ leetrons 
hetween 4 and ¢ —a,. as a consequence of whit hh the 
respiration mais be raised above the level held in 
water 

It is Imteresting to note that the “vacuum at cyto 
chrome 4 is observed also with DNP. a fact emphas 
zing the probable competitive interaction of this 
substance in the phosphorvlation mechanism. Atten 


Table 2 EFFECT OF 1:3 x 10 M 2.4-DINITROPHENOL (DNP 

FURTHER ADDITION OF 1-3 10° M Potassium CHLORIDE (DNP 

POTASSICM CHLORIDE) ON RESPIRATION AND KINETICS OF ENZYM} 
REACTIONS 


{. Keduetion at stopped aeration 


Apparent velocities (1/Af 


+ 106 per 
ent) 


pparent velocities of 
M 2.4-dinitrophenol 


tion is here again directed + ie fundamentally 
different effect of salts 

Salts are obviously promoting Unsper ific electron 
transference through the respiratory chain, primarily 
by facilitating the passage of electrons from a, to 
oxvgen. Table 2 illustrates the important fact that 
the salt effect may be superimposed on the DPN 
effect, resulting in an over power d electron transfer. 
which is suggested by a further rise of the respiration 

The unspecific stimulation bv salts (electrolytes) 
produces no vacuum at evtochrome 6 (Table 3 
Salts obviously stimulate both the more direct 
transfer of electrons and, by indirect stimulation, of 


a, also the oxidative phosphorylation 
was concluded in previous mvestigations on the 
mechanism of absorption and accumulation of salts??. 


lable 3 EFFECT OF INORGANIC PHOSPHATE AS COMPARED WITH 
ADP + PHOSPHATE ON THE APPARENT VELOCITIES OF REDUCTION 


Values in percentage of those observed with water ef. Tables 1 and 2) 


Flas 
proteit 
per cent) | (per ent 


M 


Discussion 


‘The results are in agreement with other work? *!% 
on phosphors lation by means of intermediate 
reactions between two respiratory OnzyVines, Because 
these reactions are transferring electrons, oxidative 
phosphorylation acts sin ilarly to a lowering of the 
internal resistance to the stream of elec trons flowing 
through the system. The organized respiratory unit 
is envisaged here as a senuconductor, m which 
electrons are forwarded by means of exchange reac- 
tions between atoms and groups of atoms. Reversal 
of the concentration gradient ADP + phosphate 

ATP acts similarly to an increase of the internal 
resistanee, because the intermediate reactions are 
slowed down according to the law of mass action. 

It has sometimes been claimed that two respiratory 
enzymes which are co-operating in oxidative phos- 
phorylation do not react directly with one another*. 
This idea is at variance with the present experiments. 
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| Fig. 3. Response of respiration and 
tion At addition of 1-3 
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Subdstratie-— 
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ADP +P. 
3 
Lexternal circuit) 


salt conductivity 


Scher the inner and iter electric circuit uw 

‘ “ f cle is is in part mtrolled by the 

\idative pl ! namely, the activity rela 

and ATP, and t activity of salts in the area surrounding 
pirators nit 


emsity 


‘Vventually 
however, are 


My results point to the existence of other « 
more direct which, 
insufficient for the maimtenance of a maximum rate 
of respiration Phere is, of course, a possibility that 


pathways, also, 


energy-saving mechanisms other than phosphoryla 
tion are co-operating in this ‘ground conductivity’ 
of the space between two respiratory enzymes 

The kinetic characteristics of the respiratory unit 
suggest the conclusion that the enzymes are organ 
ized as multimolecular sub-units which, owing to the 
structurally guided electron transference, are reacting 
at special points (‘reaction centres’) or surfaces'* 
This means that the electrons may be sluiced between 
enzymes via intermediate (‘factors’) 
which are mediating the contact. When the supply 
ot oxygen Is stopped, the cytochromes ¢ and a, start 
reduction (Table 1) The reduction of cytochrome h 
starts only after cytochrome c¢ is almost reduced 

It was assumed that the rmultimolecular sub-unit 
e- @y is attached to cytochrome 6 at only one point 
and that this remains 
oxidized until the ¢— a, complex is nearly saturated 
Switching on oxidative phosphory! 
My results convey the 


two processes 


or surface area of contact 
by electrons! 


ation accelerates the process 


conclusion that the transference 6 cis one of the 


main sites of oxidative phosphorylation, whereas the 


step a, —O, does not participate directly 

The characteristic qualities of oxidative phosphory! 
ation and of salts (electrolytes) in promoting the 
electron transfer through the respiratory system are 
shown in Fig. 4. Unlike DNP, which to some extent 
substitute ADP in the intermediate electron 
transfer, salts do not compete with phosphorylation 
the contrary. act indirectly as 
ful promoters of phosphorylation, mainly 


ean 


Salts, on power 


because 


the step a,-—~O,, which responds promptly to an 
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increase of electrolytic conductivity, controls the 
total tlow of electrons through the system 

The respiratory unit operates 

electric generator'’. built on the 
ductivity An internal stream of electrons tlows from 
the substrate to oxygen. The intensity 
electronic density ) of the stream is controlled by the 
electric conductivity of the outer cireuit, namely. 
primarily the of easily 
movable salt anions in the surroundings of the system 
Salts accelerate non-specifically all mternal pathway- 
of electrons. hence the total aerobic respiration The 
readiness of the substrate to deliver electrons is, of 
course, a fundamental regulator of respiration too, 
but it does not, unlike salts, affect the end-oxidation, 
namely, the velocity of the step ds, ), 

Salts thus regulate the external resistance to aerobic 
respiration, and oxidative phosphorylation implhes an 
important regulator of the internal resistance 
According to the scheme in Fig. 4. salts also accelerate 
the electrons which enter the respiratory svstem from 
the substrate side. Whereas veast and animal cells 
are characterized by only one main exit of electrons. 
least two 


similarly to an 
basis of semicon 


erall 


concentration (activity) 


namely, at eytochrome a,, there are at 
points of admission, but facts as to the biochemical 
pathways are here still incomplete. We know that 
the respiratory enzymes are more or less intimately 
bound to the cell structure, a, and 6, very firmly, and 
c and flavoprotein somewhat more loosely DPN is 
one of the most versatile co-enzvmes. It is possibly 
synthesized in the nucleus* and moves around freely. 
My results on the acceleration of electrons from the 
substrate to DPN by ADP + phosphate illustrate 
the well-known fact that sites of phosphorylation are 
located between DPN and the substrates 
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COLICINE FACTORS AS FERTILITY FACTORS IN BACTERIA 


Salmonella typhimurium strain LT2 


ALMONELLA TYPHIMURIUM strain LT2 
does not form and is not killed by colicines El, 
k2. 1 or K'*. However, it can be made colicinogenic 
for any of these colicines by growth in mixed culture 
with an appropriate colicinogenic strain of Entero- 
bacter, presumably as a result of the transfer of a 


genetic element (colicine factor) controlling the pro- 
duction of a particular colicine. Colicine factor J 
(determining production of colicine J), when intro- 
duced into S. typhimurium, strain LT2, can be trans- 
mitted by cell contact to other sub-lines of strain 
LT2; and it also potentiates the transmission © 


colicine factors E1, E2 and K which, in S. typhimw 
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ium, are not otherwise transmissible by cell contact 
(or. in the case of factor El, only at a very iow 
frequency ) We report here that in NS. typhimurium, 
strain L7T'2, factor I also makes possible recombina- 
tion of chromosomal characters following cell con- 
jugation, although the frequency is very low (10° 
10°) compared with the frequency of transfer of 
colicinogeny (10-*). 
In a broth culture of an LT2 xub-line which has 
earried faetor J for some time, only a small fraction 
1 6.000) of the cells can transmit colicinogeny by cell 
eontact'. However, Stocker and Smith’ found that 
just after acquiring factor 7. most cells transmit not 
only this factor but also anv other factors the cell 
may The ability to transmit 
persists for only 3-7 generations. In recombination 
therefore, the bacteria of the parent 
donor’ of eolicinogeny had to be 


possess. increased 
experiments, 
strain intended as 
infected with factor J by growing them with 
For example, when the 


Ti wly 
cells possessing this factor. 
donor strain was to be cys D-36 (an auxotrophic sub 
line of strain LT2 requiring cysteine), 1b was infected 
with factor J by inoculating broth with about 10° 
cells/ml. of eys D-36 and about 5 » 10* cells/ml. of 
cys D-36 (1), that is, the same strain already carrying 
factor J. After overnight incubation at 37° C., te 
mixture was diluted 1/10 in fresh broth and incubated 
for 2 hr. at 37° C.; during this period, about 40 per 
cent of cys D-36 cells newly acquired factor 7 and, 
consequently, were all able to transmit it. 

This ‘donor mixture’ was then incubated for J} hr. 
at 37° C. with an equal number of acceptor cells (tor 
example, ath C-5, @ sub-line of strain LT2 requiring 
adenine + thiamine) and samples plated 
on unsupplemented sulphate 
medium to detect prototrophi (cys ath 
recombinants. About one prototrophis colony was 
formed for 10* cells plated, whereas control platings 
cys D-36 alone; ath C and mixture of non- 
colicinogenic cys D-36 and ath C-5) gave either no 
colonies, or a significantly smaller number attribut- 
able to reversion. If the cys D-36 component of the 
donor mixture was replaced by the same strain 
carrying colicine factor (cys D-36(E1)), the yield 
of recombinants was increased about one hundred- 
fold. The presence of factor E.1 in the acceptor strain, 
however, has little or no effect on the yield of recom- 
binants. Also, factor F1 did not permit recombina- 
tion in the absence of factor 7. Thus, the presence of 
factor El in the donor strain increases the rate ot 
recombination when factor / 1s being transmitted, 
but does not by itself permit recombination. 

The cys D-36 (1) minority component of the donor 
mixture, used to introduce factor J into the majority 
component cys D-36 (or D-36 (F1)), could be 
replaced by strain ath C-5 (1) without reduction of the 
vield of recombinants. This and other experiments 
showed that the ath C* genes oft the recombinants 
came from the strain of the donor mixture initially 
lacking factor 7; presumably from bacteria which had 
just acquired this factor 

Recombinants were obtained, at about the same 


washed 


5 alone: 


cues 


frequencies, from crosses involving acceptor strains 
carrying many different contra-selective markers 
(ade A. Band C; ath C and E; ara; cys 4. B,C and D; 
gly; his; isol; leu; pro; thr: try A and D; str-s). In fact, 
positive results were obtained for all loci tested 
Pairs of genes which can be simultaneously trans 
duced by phage PLT22. for example, try D and cys B. 
remain coupled more frequently than they do during 
phage mediated transduction 
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OS7 


Differing donor alleles occupying two or more low) 
which cannot be simultaneously transduced by phage 
PLT22 are found together in recombinants formed 
during transter of colieime tactors too frequently 
for them te have been transfe rred separately to the 
sare cell in different mating For 
example, either ara or isol occurs separately at a 
frequency of 10 while thev 
10-%. This suggests that long portions of the bacterial 
chromosome least im 


donor events 


together, oceur at 


can recombine ; perhaps, wt 


some cell-pairs, the entire chromosomes of the two 
pairing bacteria. 

Colicine factor 7 was introduced into our sub-lines 
of S. typhimurium, strain LT2. by growth with 
Shigella sonnei, strain P9, and factor EL by contact 
with Escherichia coli, strain K12-30 (both 
were kindly supplied by Prof. Pp. Frederieq, of 
Liege). Furness and Rowley‘ found that most wild 
strains of E. coli which produced colicine I carried 
(fertilitv) factors which, however, could be separated 
from their factors We consid red the 
possibility that our colicinogenic S. typhimurvum 
strains could recombine because they had acquired 
F factors at the same time as eolicine factors; but 
our colicinogene LT 2 strains do not recombine like 
LT2 strains carrying an F factor from E. coli (Zinder® 
and personal ION ) 

All the recombinants which have 
have been stable, and are thus pr sumably haploids 
after chromosomal recom- 


ecoleine 


been analysed 


produced by segregation 
bination in @ (transient) zygote or merozygote. All 
the recombinants tested were colicinogenic, nearly all 
producing coliemes and CTORSOCS where both 
factors were present in the donor tmuixture, whereas 
25 per cent of acceptor bacteria acquire 
eolicinogeny during the time allowed for mating. 
We suppose, therefore, that a zvgote (or merozygote) 
results from a conjugation im which colicine factors 


only about 


are transferred. 

It is not yet completely 
only from the colicinogenic 
acceptor strain, and not also the other 
However. this is probably so since the result of a cross 
is affected according to which parent 1s colicinogemie. 
For example: (1) mm least, the un- 
<elected markers of the strain accepting colicinogeny 
are much more frequent in re combinants than are their 
alleles from the donor strain; (2) ecolicine tactor kl 
greatly the frequency ot 
when it is present in the donor strain, but not when 
it is present in the acceptor strain; and (3) exposure 
of the mating mixture to streptomycin for 90 min. 
much reduces the yield of recombinants when the 
acceptor strain 18 streptomycin-sensitive and the 
donor strain is streptomycin-resistant ; but has little 
effect when the acceptor of colicinogeny 1s strepto- 
mycin-resistant and the donor 1s sensitive. 

Zecombination in this system may be fundam- 
entally similar to that mediated by the F factor in 
Escherichia coli. The presence of colicine factor J in 
Salmonella typhimurium, like that of the F factor (in 
either the F + or the Hfr form) in E. coli, enables 
the bacteria to pair, although the effect of factor J 
is very small except m bacteria which have recently 
acquired it; in factor T-induced pairing, a8 in pairing 
the F factor in its F + state, chromo 
very low rate. 


certain that gene transter 
donor to the 
way about. 


oceurs 


some crosses at 


ILC reases recombinat on 


induced by 
somal recombination 
The effect of factor #1 in rawing the rate of recom- 
bination in factor T-induced pairing 1s more obscure ; 
one may speculate that it fac ilitates the opening of 
the (presumed) closed-loop chromosome of the donor 


oceurs at & 
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bacterium, so encouraging its transfer, in whole or 
im part, to the acceptor bacterium compare the eftect 
of the } factor in } on tron t he / 
to the Aifr state 
H. Ozer 
SHEILA HOWARTH 
Research Un 
Lister Institute of Preventive Medicine, 
Chelsea Bridge Road 
London, S.W.1 
Escherichia coli K-12 
transter of genetic n aterial from ome strain of 


Keache hia coli K-12 to another is dependent on a 
hich determines the 


devoid of / I 
ixed toget he r The 


fertility factor, termed / 


state: two K rains 
} 


donor 
Strains) are 
normally non-fertile en 
I’ tactor 
etal.*, existing im the 
in the # cell, and in the integrated 
in the Afr cell lhe integrated state of F, 


of other « pisom appears to he related to the abilit, 


has been classed as an episome bv Jacob. 


sutonomous (eytoplasmur state 
chromosomal 


anil 


to promote the genet transfer of other stably 
chromosomal characters ( olicinogens the heritable 
ability to prod ice an antibrotic-like protein called 
olicin) has also been shown to be determined by 


factors which have certain episomal characteristics* 


[wo lines of evidence have pointed to the implice 


tion of genetic veetor in K-12 
Furness and Rowley* reported that certain naturally 


strains of although 


\ 
colicinogeny as a 


eccurring showing no 


direct evidence of fertilitv with A-12 / strains, 
could, neverthel transfer to them a fertility factor 
whieh rendered these A-12 strains fertile with other 
K-12 straims Unlike E. coli K-12. most of these 


vild type coliform strains were found to be colicino 


for colicin J, as were the infected 


the meapority 
K-12 F- derivatives However. colicinogeny and 


fertility do not appear to be determined by the same 
in these strains his conclusion was reached 


withe it he r cobalt "Or acridine 


factor 


after treatment 


orange. which ha been shown to be effective in 

uring or eliminating the F factor from / 
strains \fter treatment, the fertile, colicino 
genie K-12 strains lose their fertility but preserve 
theur coliemogen 


have demonstrated the 
conjugation of what appear to be large 
segments of chromosome from a donor strain to @ 
Salmonella typhimurium. The 

Is conferred by the recent 
from a third strain which is 
specifically colicinogenic for eohicin J If the donor 
for colicin F1, the 
100-fold, to 


More recently, Ozeki et al 


transfer by 
recipient strain ot 
donor state in this case 
transfer of colicinogens 


strain is in addition colicmogens 


frequency of transfer increased about 
vield one recombinant approximately 10° recipient 
cells. These colicinogeny determinants, J and £1, 
can be transferred to EF. coli K-12 by mixing a culture 


of this strain with a culture of S. typhimurium which 
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carries then! An investigation was therefore 
taken of the fertility state of F- K-12 strains subs 
quent to the transfer of these parti ular coleinogen 


determinants. Two auxotrophic F- strains of EB. col 
A-12 employed: 58-161 
methionine, and W945 F 


leucine and thiamine for growth 


were which re quires 
which requires threonine, 


In the first experi 


ment. the method of Ozeki et al. was followed closely 
S. typhimurium carrying colicimogeny (eol. and 
58-161 F- were grown overnight in mixed broth 
culture: the mixture was then diluted 150 in frest 
broth and reineubated for 2 hr A enlture of the 
recipient strain W945 f was then added and the 
mixture of these three strains incubated for a furthe: 
hour before washing and plating on rmunineal medi 


supplemented with After imeubation 
prototrophic re ombinants resulte 7 aut the low rate ot 
O45 I cells plated None ot thre 


alone eoruibinat om of 


t 


about one in 
individual strains, nor in any 
pairs, gave rise to any prototrophie colonies 

In contrast with the S. 
ise of the presumptive donor strain 58-161 FF, misc 
colicinogenie for El, failed to increas the fre 
Another pount of 


donor state con 


typhimur mm svsterm, tlre 


stably 
quency of re ombinant formation 

is that. in BF. coli K-12, the 
/ is stable and does not dep na 
on reeent colicinogenization. When 
F-. stably (isolated 
vith S typhimurium (col. J 


difference 
ferred by colicinogeny 
tstramm of OS 161 
colicinogenie for from mixed 


eulture Was Used In 


simple bi parental cross with W945 I prototrophi 


recombinants again arose at the same low rate a> 
before. All the recombinants tested from these ex 
periments were colicinogenic, and fertile as donors in 
It is. therefore. con haded 
on K 12 I 

j 


chromosomal anc 


crosses with F 
that colicinogeny J 
the capacity for 
colicinogeny transfer 
Salmonella apparently 


recipients 
econters atrain- 
concomitant 
to other F 


strains Since 
readily harbour / 
svstem, as distinct 


Rowlev, the 


cannot 
this 


Furness 


it seems possible that in 
from that reported by 
fertility tactor is the colicinogeny determinant itself. 


and 


This is supported by the fact that no recombinants 
Nalmonella strains, differing only im 
harbouring El or E2 instead of / 


were used in experiments similar to those 


arose hen 
colu 


reported 


above 
\ comparison was made ot lected 
transfer among @4 number of recombinants trom a 


col [-mediated cross, and the comparable /’-mediated 
cross, using 58-161 in the colicinogenic or F> state 
respectively as the donor parent with W945 F- as 
the reeiprent (Table 1). plated on 
minimal medium supplemented 
that selection was made for the ability to synthesiz 
threonine (thr*) and leucine (leut) from 58-161, and 
methionine (met*) from W945 The strains 
differed in seven other markers; the ability to syn 
thesize thiamine (th); to ferment the sugars arabino- 
ara), (lac) (gal) and xylose (.xcy/ 

and resistance to the drug, sodium azide (az7) and the 
\ variety of recombinant types 


Crosses were 


with thiamine se 


two 


lactose galactose 


coliphage T6 (TSH). 


re F Ji STRAIN 58 161 WHEN CROSSED WITH 


Fraction 
161 market touble-cro@sos 
gal types 


oll oo 


‘ 
- 
ihe 
4 
q 
: 
Table 1. FREQUEN 
416 
ant tt *ther ita *leu izi 
‘ 
* Selected mark 
Markers arranges r of linkage as deter ned by H and ‘ ‘ 
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as indicated in Table 1 Although the 

2 J-mediated cross was only one-hundredth the 
fertilitv of the F-mediated the table 
similarities in marker transter from both types of 
transfer 
strain acting as a donor 
and assuming the 


sh WSs 


Assuming a way of genetic 
rmatertal (the 
as in the case of the / 
order of markers on the A-12 chromosonn 


ined by Hfr or the 


both t ypes of crosses can be accounted for bv a double 


one 
colemogens 
strain 
as deterin- 
recombinants trom 
erossing over in more than 0 per cent of the recom 
that the 
17 cross are of the same 


the F 


distances between 


binants It appears. therefore, genetic 


ments transferred in the ¢ 


‘ 


thr 


ot thie 


those involved in 


the 


about 15 


order o 


shown 


as 
tor ¢ xamiple 
to be 


hromosomal le nuth 


deternuning certam ot 


to 


Episomal systems types 
oliemogeny appear, therefore. resernble other 


pisomul svstems such as temperate phage and more 
particularly Fin the ability to mediate genetic trans 
It is tempting to imagine that if mutation were t« 
strains SO as TO remove 


vould be ditheult to 


h cohemogerns 


the colrem, it 
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distinguish them readily from / strains. Other 
possible simularit iv s of the colicimogente and F systems 
are being examined 
RK. CLowkEs 
Medical Research Counce! 
Microbial Genetics Research | 
Hanunersmith Hospital 
Road, London, W 
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DROSOPHILA POPULATIONS 


FOR MEIOTIC DRIVE 


By Pror E. NOVITSKI* 


Biology Division, Oak Ridge National 


SHE existence of chromosomes or alleles that are 
represented in the 


greater than the expected 50) per 


with a frequency 
cent is now well established for a variety of species 


hie 


yumetes of a 


Phe immediate population result of introducing such 
a chromosome or allele must be a sharp increase in 
its frequency, along with any other genes associated 
by linkage, independent of or, indeed, in spite of 
phenotype effects! For this 
phenomena have been referred to as cases of “drive 
drive’ when the 
ot Such 
instances would seem to provide an 
opportunity for the study of population dynamics 
example, the efficacy of of natural 
selection untavourable vwenes It seemed worth 
while, therefore, to determine whether 


thew reason such 


and, more specifically, as “meric 


unparalleled 
tor response 
to 
such chromo 
somes or alleles characterized bv drive might be 
ndnueed in the laboratory 

We expected that such an event would oeeur with 
a very low frequeney, and would probably not be 
detectablh in an X-ray conventionally 
Instead, tested that 
had received light doses of radiation each generation 
for 200) generations. These 
had been derived from the population cages kept 
at the Long Island Biological Laboratory at Cold 
Spring Harbor by Dr. Bruce Wallace, to whom we 
are indebted for making sarmples of these populations 
available to 

The genetic tests consisted sunply of back-crossing 


for derived from the 


experument 


chromosomes were 


about Chromosomes 


us 


heterozygotes chromosomes 


rated by 1 
Commissior 


and G. D. HANKS* 
Laboratory, Oak Ridge, Tennessee 


radiated populations and tor stock chromosomes 
stor k in order 
progeny from the 


Seven different 


carrving mutant genes to the mutant 
detect any the 


expected a0 per cent of each type. 


to deviation mn 
populations were tested, and the standard mutants 
riarked the ay and centromere 
the three major Further 
it could not be anticipated in which sex 
might be effeetive, 


heterozyvyotes tested. 


chosen Tal ends 


regions of Chromosomes 
more, since 


any disturbances of seyvreygation 
both male and 
Of 1.654 tests there were 
chromosomes derived from the irradiated population 
recovered in significantly more than half the 


where this deviation persisted after 


female were 


two instances in which the 


were 
progeny, and 
repeated testing. 

involved an irradiated second 
appeared in the FF, of 
heterozygotes, with trequencies ranging from 53 
per Table | The 


showed this peculiarity over six consecutive genera 


One of these cases 
rruale 
to 


chromosome which 


cent second chromosome 


tions and in combination with a variety of different 


HETEROZYGOt 
NORMAL 


CHROMOSOMES RECOVERED FROM MALES 
IRRADIATED SECOND CHROMOSOME AND VARIOUS 
SECOND CHROWOSOMFS COMPARED WITH 4 CONTROL 


Table 1. 
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stock second chron The bott! stock earry 
ing this chromosome was left unattended tor a period 
and subsequent re-testing failed 


In the meantime the population 


of several months, 
To uncover it again 
from which this was originally derived was untortu 
why we should 
not have been able to recover it again in the unselected 
population if it were in fact a bona fide case of drive 

In the irradmied VY chro: 
when present in a parental male, appears m St 4 
Table 2 This 


generations ; im faet, the mean 


nately discarded lit is not clear 


second case in 


per cent of his progeny 
over 2O consecuiive 
recovery is now 67 per cent, presumably because ot 


h reneracion 
As in the 


normally 


thre persisle | tion exercised 
Lise repancy. 
behaves 


for genes which accentuate th 


preceding case, tir chromosome 


in the heterozvgous ftemate 


NUMBER Y VY CHROMOSOMES VERE 
AND MALE PROGENY, RESPECTIVELY, FROM MALES CARKYIN 
RRADIATED VY, WITH A CONTROL SET FOR COMPARISON 


Male 


Evidence of recovery of the two 
homologue (in this case the N and } 
differential mortality of the 
y caused by th particular J\ 
be found in the following observations 

(1) When matings are made to attached tf 
nstead of ordimatr femal swith free X chromosome 
the 
as one might expect if more eggs were being fertilized 
by than by 
Pan rename de 
which earried the rradiated NX 
re collected and carefully 


thie rhe 
hromosorne 
ehror 


deviation persists but with reversed cureetion, 
bearing sperm 
of females with males 


After 


sex of 


matings were 
hromosorn 


counted, the 
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the adults emerging was scored The overall mort 
ality was simply the difference between the eggs 
laid and the total A y-square 
text was made of the deviation in sex ratio, but to 
ensure the most test, the overall mort 
ality was added to the least frequent class, the mak 
class. Even with this correction, which would tend 
to minimize the magnitude of the difference between 
the two classes, the /? value was less than 0-005. 
This refutes the possibility that the difference 
hetween the numbers of the two sexes recovered may 
be explained by mortality and supports the altern 
ative that it is caused by some pre-zygotic mechanism, 


emerging adults 


as meiotic drive. 

3) At lower temperatures (Is’° Cc 
ot the effect is depres el, 56 per cont 
oppose d to 67 per cent at 25° ¢ However, if a mate 
develops at 18° C. and is then culture 
bottle at 25°, which is then kept at the higher temper 
during the development ot ihe the 
the progeny s that characteristic 
ot low temperature, not the | igher, as would be 


expected if zygote moriality were responsible 


) the magnitude 
recovery, as 


mated in a 


ature progeny, 
resul ravuo in 


Those three lines of evidence speak strongly for an 
action before fertilization and possibly 
whieh would qualify this case for imelusion under the 
mebotie drive Prelumimary ¢yi 


revealod imusual, but 


heading of ological 


examimaiion has nothing 


inless the basis for this effect were something quite 


obvious (as, for example . the tormation of anapt Rt 


bridges a8 in ‘segregation-distorver # one would 


not hope to have much 


apecies the meiosis of which is as miractable cyto 


uccess in this effori with a 


logically as is that of Drosophila melanogaster 


We 


technical 


contribution ot 
Wilkerson, the 


genetics 


wish to acknowledy ite 
assistance of Mr R. D. 
innumerable helpful iwgestions of the 
group at the Oak Ridge National Laboratory, and the 
assistance: of Dr. Allyn Kimball, who 
on sequential analysis, 


invaluable 
constructed 
which expedited the testing enormously. 
icta Genet. (Vasel), 4, 130 (1953) 
Basel), 4 148 (1953) 

fmer. Nat., 91, 105 (1957) 
ind Sandler, I., Genetica, 44, 233 (1959) 


based 


Dunn, L. ¢ 
Prout, T., Acta Genet 
Sandler, L., and Novitski, I 
* Sandler, L.. Hiraizumi, \ 


CHROMOSOME FRAGMENTS AND MUTATION OF THE 
INCOMPATIBILITY GENE 


By Pror. D. LEWIS, F.R.S. 


Department of Botany, University College, London 


N a study in l’etunia inflata of changes im the self 
incompatibility system, Brewbaker and Natarajan 
found self-compatible plants the  selfed 
generation after X-radiation of the pollen mothe: 
cells obtaimed in Oenothera 
/’ and T'réfolium 
which have been inte rproted ona basis of 
self-ineompatibility S gene Brewbaker and 
self 


fray 


This is BI vlar to re sults 


species®, 


mutation 
of the 
Natarajan 
fertile plants had a small centric 

ment extra to the normal diploid se 
Their analysis supports very fully their interpretation 
that the fragmen and that a 
“et If-compatible plant has two alleles, say S, and N 


discovered, however, that their 


‘ hromosome 


of chromosomes 


CATTIOS he S 


in the normal pair of chromosomes, and either S 


or ithe Such a plant will produce 
50 per cent pollen graims with one normal S chromo 
and the Half these fragment 


carrying pollen grains have a different S allele im 


some, fragment. 


normal and fragment chromosomes 

It has long been known that a diploid pollen grain 
with two different, but not two like, S alleles has a 
weakened incompatibility reaction or has lost it 
altogether. This effect has been called competitive 
interaction between the S that neither 
allele produces its specific protein, which is responsible 
for the incompatibility reaction®. When the incom 
patibility reaction has completely lost by 
competitive interaction, a plant with diploid pollen 
fully self-compatibls When the incompati 


alleles so 


heen 


yrains 


4 

PMALE 
we 
Female Per cent female 
TOT l ’ 
0 61-0 
64-0 
Controt 
re 
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Intermediary Metabolism in Plants 
D. D. DAVIES 


A review of the ideas and theories of biochemical action in plants with a discussion of how 
the theories developed by animal biochemists need to be modified when applied to plant 
metabolism. The book is based on a course of lectures given to honours students of botany 
at London University. Cambridge Monographs in Experimental Biology. 205. net 


Microbial Reaction to Environment 


EDITED BY G.G.MEYNELL & H. GOODER 


The contributors to the eleventh Symposiwn of the Society for General Microbiology 
discuss changes in the morphology metabolism and behaviour of a wide range of micro- 
organisms brought about by changes in their environment, with particular reference to 


non-genetic variations. 8 plates; §§ text-figures; 20 tables, 42s. net 


CAMBRIDGE UNIVERSITY PRESS 


BACK ISSUES OF JOURNALS IN 
SCIENCE & THE HUMANITIES 


ALWAYS REQUIRED BY 
We. DAWSON a SONS, LTD., 
Back Issues DEeEPT., 
16 WesT STREET, 
FARNHAM, SuRREY, ENGLAND. 


TEL: FARNHAM 4664 Castles: DAWBOOKS. FARNHAM 


THE MUSEUM BOOK STORE, LTD. 
25 Devonshire St., London, W.! 
(Welbeck 1340) 

Buy and sell Scientific Journals and Periodicals and 
Learned Society Publications in all languages 
Librarians, and others, should send us their list of 
‘wants’, or duplicates for sale. Binding undertaken 


WHELDON & WESLEY, LTD. 
Specialists for 100 years in 


BIOLOGICAL & GEOLOGICAL 
BOOKS 


Catalogues on Request 


LYTTON LODGE, CODICOTE, Near Hitchin, Herts 
Books Bought 


THE INSTITUTE OF PHYSICS 
AND 
THE PHYSICAL SOCIETY 
LIBRARY 


One of the privileges of Membership of the 
Institute of Physics and the Physical Society is the 
use of its Library, at the offices in South Kensington. 


The Library consists of a reading room, and 
a larger room. A large number of runs of 
periodicals, both British and foreign, is held, 
including some of the lesser known journals 
as well as the standard ones. Journals are for 
reference only, so that a complete run can always 
be found on the shelves. 


There is also a book section, from which books 
can be borrowed by Members, either on personal 
application or by post, and by non-Members on 
recommendation. 


The Library is open from 9.30 a.m. to 5.0 p.m., 
Monday to Friday. 


! Lowther Gardens, 
Prince Consort Road, S.W.7. 
(Junction with Exhibition Road.) 


| 
Gale 
4 
by 
4 
it: 
: 
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Back Numbers 
Periodicals 


AMERICAN MINERALOGISI 


Vol 1, No l - Vol 2, Nos 2.7: Vol 5S, Nos 6.8, 
Vol. 9. No. 3: Vol. 26, complete - Vol. 27. Nos. | 
3.7, 10; Vol. 28, No. I 


ANNALES SCIENTIFIQUES DE L'ECOLE NOR- 
MALE SUPERIEURE (PARIS) 

1949 complete 

CANCER RESEARCH 

Vol. 8 complete ; Vol. 11, 
CHEMICAL ABSTRACTS 
Vols. 19 complete - Vol. 29, 
13-16, 20, 22 

GAZZETTA CHIMICA ITALIANA 
Vol. 86 complete 


MINE AND QUARRY ENGINEERING 


Nos. 5, 6, 7, II. 


Vols. 16 22 complete 
NATURE 
Vols. 146 154 


OIL AND GAS JOURNAT 

Vols. 26 27 complete ; Vol. 52, Nos. 35, 40; Vol 
53. Nos. 34, 39. 48 
PETROLEUM PROCESSING 
Vol. | complete 

PLANT PHYSIOLOGY 

Vol. S complete ; Vol. 15, No. 4 

ROYAL SOCIETY PROCEEDINGS, LONDON 
Vols. 1-3, 7, 9, 10, 15, 31, 51, 90-106 
GERMAN LIFE AND LETTERS 

Vols. 1-12 complete 


YOUR HOLDINGS OF DUPLICATES OR 
JOURNALS NO LONGER WANTED 
Ww ‘ glad pay highest market prices for your duplicat i 
send t an brarians t vilat pack ind 


Sh Sy ha rnals for lisp il p 


write 


] R MAXWELL and Co. Ltd. 


Headington Hill Hall, Oxford 
Tel. 64881. Cables : LEXICOM. Telex 83177. 
Offices also at: 

103, Fifth Avenue, New York 3, Tel. Chelsea 2.2100 


Frankfurt am Main Tel. 33.74.61 


Tel. ODEon 30-00 


Kaiserstrasse 75, 
24 rue des Ecoles, Paris Ve 
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GLASS 


All Glass Requirements for Scientific 
Instrument Manufacturers and 
Research Workers 


@ SHEET & PLATE-GLASS—cut 
ground to exact dimensions. 


and 


LENSES, PRISMS & FLATS—to any 
standard of accuracy. 


@ MIRRORS—back siivered and front 
surface aluminised, etc. 
@ BLOOMING of optical components. 


Cc. J. WHILEMS, LTD. 
ILFORD OPTICAL WORKS 
FOREST ROAD, BARKINGSIDE, 
ESSEX 


Telephone : HAinault 5454-5 


a 


150038 TQ: @ 
: 
ges 4 
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The Vibrating Reed 
measures verv small direct currents and voltages 


Electrometer Ty pe N616 


with high zero stability. 

Applied D.C. is converted to A.C. by means of a 
vibrating reed capacitor and amplified by a stable 
A.C. amplifier 

The output is rectified and measured on a 5° 
(13 em) panel meter calibrated to indicate the 
D.C. voltage at the input. 

An ionisation chamber may be mounted directly 
on the Electrometer unit in place of the Input 
connector which may be detached 
RANGES 

Sev on ranges are provided 

2.10mV 3. 30 mV 
5. 300 mV 6.1V av 
INPUT RESISTANCE 
Three switched input resistors are provided :— 


1. 108 ohms 3. ohms 


ACCURACY 
of the order of +1°, for 


4. 100 mV 


2. ohms 


Accuracy 1s voltage 


measurements. Current measurements are con- 


trolled by the value of the Input resistors. These 


are a +5°) matched triple. 


STABILITY 
Long-term stability better than + 100uV at con- 


stant temperature. Short-term stability + 1OpV. 


MAINS INPUT 
V V, 


consumption 60 watts. 


and 50-60 Power 


CALIBRATION 
A jack is provided which enables the instrument to 


be calibr ited against astandard reference potential. 


CUTPUTS 
A 100 mV recorder can be operated, 215 volts at 
5 mA, 105 volts at 2 mA and 6.3 volts at 0.3 A 


are provided for external equipment. 


DIMENSIONS 
Electrometer unit 6” 9} "(li x x 24 em). 


13” (48 x 22 x 33 cm). 


‘ 
Indicator unit 19” x 83" x 


WEIGHTS 
Complete with cables 30 Ib. (13.6 Kg). 


EKCO ELECTRONICS LIMITED 


Sales, Installation and Service 


SOUTHEND-ON-SEA 


ESSEX - 


Southend 49491 


wes 


Telephone: 


pee 
brating Reed Electrometer 
\ 
ay 
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Mathematics in Science and Engineering 
A Series of Monographs and Textbooks 


Edited by RICHARD BELLMAN, The RAND Corporation, Santa Monica, California 


Volume 2 


Plastic Flow and Fracture in Solids 


By Tracy Y. THomas, Graduate Institute for Mathematics and Mechanics, Indiana University. and 1» 


States Naval Research Laborator) 


June 1961, 267 pp., 68s 
This book is devoted to a study of the propagation, growth, and decay of discontinuities 
in solids, including the theory of characteristic surfaces and the spread of plastic into elastic 
regions. The material is based largely on articles published by the author in various mathe- 
matical journals during the preceding five years. Engineers and students of the theory of 
plasticity will find this volume of genuine interest and of aid in the solution of some of their 
problems 


Basic Invariants in the Mechanics of 


Continuous Media Equations of 
Continuity and Motion 


Conditions of Compatibility 
Waves in Elastic Media 


Perfectly Plastic Solids. Appendix 
Equilibrium Theory of Luders Bands 

Characteristic Surfaces and Wave Pro- 
pagation 

Instability and Fracture 

SUBJECT INDEX 


Volume 3 


The Optimal Design of Chemical Reactors 


A Study in Dynamic Programming 


By RuTHERFORD Aris, /nstitute of Technology, University of Minnesota 


July 1961, 191 pp. 


Introduction 

The Principal Notions of Dynamic 
Programming 

Mathematical Models for Reactor 
Design 

The Objective Function 


The Continuous Flow Stirred Tank 


Reactor 


Previously Published : 


Volume 


The Multibed Adiabatic Reactor 
The Tubular Reactor 
Stochastic Problems 


The Optimal Operation of Existing 
Reactors 


References 


INDEX. 


Concepts from Tensor Analysis and /Differential Geometry 


By Tracy Y. THOMAS 


In Preparation: 


February 1961, 119 pp., 40s. 


Stability by Liapunov’s Direct Method with Applications 


By JoserpH LASALLE and SOLOMON LEFSCHETZ 


Differential-Difference Equations 
By RICHARD BELLMAN and KENNETH | 


NEW YORK 


COOK! 


111 Fifth Avenue, New York 3 


rr 
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Pure and Applied Physics 


A Series of Monographs and Textbooks 


Consulting Editor : Sir H. S. W. Massey, University College, London 


Volume 


The Quantum Mechanics of 
Many-Body Systems 


By D. J. THoutess, Birmingham University 


June 1961, 175 pp., 44s. 


This book is a unified introduction to many-body theory. It is concerned with problems 
common to nuclear physics, atomic physics, the electron theory of metals, and the theory 
of liquid helium three and four ; and it describes the methods which have recently been 
developed to solve such problems. Main emphasis is on the theories of atomic nuclei, 
electron gas, and liquid helium 


Soluble Models Perturbation Theory at Finite Tem- 
peratures 


Green’s Functions at Finite Tempera 
Jo > 
Perturbation Theory tures 


Variational Methods 


Low-Lying Excited States Bosons 


Statistical Mechanics and Supercon- References 
ductivity Theory SUBJECT INDEX 


Recent Volumes : 
Volume 8 Volume 10 


Wave Propagation and Quantum Theory 

Group Velocity 
By LEON BRILLOUIN 
1960, 154 pp., 48s. 


Complete in 3 parts 
Edited by D. R. Bates 
Part I, ELEMENTS 

Volume 9 June, 1961, 447 pp., 80s 

Nuclear Spectroscopy Part H, AGGREGATES 

Complete in 2 parts 1961, in preparation 


Edited by Fay AJZENBERG-SELOVE Part III, RADIATION AND HIGH 
Part A: 1960, 621 pp., L14s. 6d. ENERGY PHYSICS 
ParT B: 1960, 523 pp., 114s. 6d 1961, in preparation 


In Preparation: 


An Introduction to Elementary Particles 
By W.S. C. WILLIAMS 


Phone WHlitehall 6631 


17 Old Queen Street, London, s.w.1 LONDON 
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High vacuum components 


ROTARY VACUUM PUMPS 


S.24 Rotary Vacuum Pump. Speed 2.1 litres sec at 1.0 mm Hg 


High vacuum problems ? Talk to AEI. The 
range of METROVAC components, already proved 
in AEI systems, will help you build your vacuum 
systems. The AEI service ts also complete. 

METROVAC specialists can give you advice of a 
general or specific kind on the installation and 
assembly of components to achieve the result 
you need. Here are a few examples of METROVAC 


components 


VACUUM GAUGES 
Type VG 14. Barometrically-compensated 


Absolute Pressure Gauge 


DIFFUSION 


PUMPS 


A.022A Type. Speed up to 40 
hitres sec below 10-° torr. 


vi 
, 
‘ 
| 
< 
: 
= 
Fe 


VACUUM PLUMBING 


A comprehensive range of unions for use with 
BS 659 standard light gauge copper tube in 


gauges 


Mention the kev 


Associated Electrical 
Scientific Apparatus Department 


TRAFF MANCHESTER 17 


‘ 


ORD PARK 


to 1} bore. 


‘PHONE OR WRITE TO YOUR AE! OFFICE 


Ta/k to AE/ about vacuum problems. Contact the nearest AE/ office from the list below, asking for 
the METROVAC engineer. Or write direct to the AE/ Instrumentation Division. 


Belfast 
19 Ormeau Avenue 
Tel: Belfast 32977 
Birmingham 
65 Smalibrook, Ringway, 5 
Midiand 6335 and 9551 


Bristo! 292911 
Cambridge 
133 Fitzroy Street 
Tel: Cambridge 54370 
Cardiff 
Mervyn House, Frederick Street 
Tel: Cardiff 28511/4 
Edinburgh 
61a Queen Street, 2 
Tel: Caledonian 1158/9 
Glasgow 
74 Waterloo Street, C.2 
Tel. Giasgow City 2939 
Hull 
Seaton Buildings, Jameson St. 
Tei: Hull 26832 
Ipswich 
28 Crown Street 
Tel: Ipswich 53941 


Leeds 
St. Paul's House, St. Pau''s St., 1 
Tel: Leeds 20718 and 20444 5 
Leicester 
81 Charles Street 
Tel: Leicester 27909 
Liverpool 
18 Hepworth Chambers 
Church Street, 1 
Tel: Roya! 4391 
London 
33 Grosvenor Place, S.W.1 
Tel: Belgravia 1234 
Manchester 
15 Quay Street, 3 
Tel: Blackfriars 2691 
and Ship Canai House, King St.,2 
Tel: Deansgate 5031 
Middlesbrough 
59 61 Albert Road 
Tel: Middiesbrough 2476 
Newcastle 
24 Northumberland Road, 
Newcastle upon Tyne, 1 
Tel: Newcastle 26060 


word ‘Metrovac’ im your inquiries 


Nottingham 
24 Stoney Street 
Tel: Nottingham 51431 


Preston 
14 Winckley Square, Lancs 
Tel: Preston 4253 


Sheffield 
9 Market Place. 1 
Tel: Sheffield 23114 and 27848 


Stoke 
Stoke Rd., Stoke-on-Trent, Staffs 
Tel: Stoke-on-Trent 48639 


Swansea 
166 St. Helens Road, Glam 
Tel: Swansea 56968 and 56950 


Wolverhampton 
27 Darl ngton Street 
Tel: Wolverhampton 25606 


Workington 
Westminster Bank Chambers, 
Oxford St. Tel: Workington 795 


Industries Limited 
instrumentation Division 


! 
! 
! 
' 
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for Industry and Research 


Logging equipment, 
incorporating 

‘Pinboard Programming’ 
at R.A.E. Farnborough 


WRITE OR SEND THE COUPON TODAY to 
Honeywell Controls Limited, 
Greenford, Middlesex. Waxlow 2333. 


um interested in Honeywell data 
rocessing (logging/scanning) equipment 


mpanys 


Addres 


\ 
Sales Offices in the pr pal towns 
ind cities in the United Kingdom 
and throughout the world 


At the Royal Aircraft Establishment, Farnborough, a Honeywell 
three-bay data processing system with electric typewrite: 
print-out is now logging: 

139 temperature inputs in 3 ranges 

0 to 99-:9°C, 0 to 650°C, -50 to 300°C 

96 pressure inputs in 4 ranges 

0 to 20 p.s.i., 0 to 50 p.s.i., 0 to 200 p.s.i., 

0 to 500 p.s.i. 

4 speed measurements 

1 reference point 
The equipment is based on the Honeywell Digital Potentiometer 
principle. It makes extensive use of mercury wetted relays 
and incorporates a unique feature—Pinboard Programming. 
Drawer-mounted pinboards add an easy flexibility to adjustments 
of span, zero suppression and alarm limit settings. Only a simple 
repositioning of pins is required to change these functions. 
Speed of operation, simple maintenance and continuous check 
are other built-in advantages of this Honeywell system. 
It is suitable for research, industrial development and may als« 
be used to supply information to computers. Annunciator panels, 
linearisation circuits and other features are available. 


Honeywell 
Fiat 


SINCE 18685 
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you are a user of apparatus, 
materials and other products intended 


specifically for use in laboratories 


You cannot afford 


THE LABORATORY 
AND MATERIALS 


The ONLY one of its kind to 
Whatever ficld your laboratory work be organised in the U.K. on 


covers you will find the largest ever dis- : 
play of new and established products to 

meet your every requirement at the a National Scale. 
Laboratory Apparatus and Materials 
Exhibition where more than sixty leading 
British and Overseas Manufacturers and 
Suppliers will be displaying specialized 
equipment and materiais. 

Twelve Scientific lectures will be 
delivered by eminent authorities in the 
various sciences, in the lecture theatre 
during the Exhibition. 


JUNE 19-20-21-22, 1961 


ROYAL HORTICULTURAL 
SOCIETY’S NEW HALL, 
WESTMINSTER, S.W.|1. 


ADMISSION TICKET 


10 a.m. — 6 p.m. Monday & Tuesday Complete the coupon with your name and firm's 
10 a.m. — 8 p.m. Wednesday name and address, and cut round the dotted line. 
10 a.m. — 4 p.m. Thursday Presentation of this completed coupon will entitle 


the bearer to free admission to the Exhibition. 
Admission Ticket 


LABORATORY APPARATUS & MATERIALS EXHIBITION 
Sponsored by ‘‘Laboratory Practice’’ & organised by U.T.P. Exhibitions Ltd. 
9, GOUGH SQUARE, FLEET STREET, LONDON, E.C.4. Tel.: FLEet 3072 
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Research into the application of ion-exchange techniques 
to the separation of rare earths has made available these 
materials in quantity and in several grades of purity 


Improved methods for the production of the rare earth 
netals have also been successfully developed, and all of 
the fourteen naturally-occurring elements, together with 
the related elements scandium and yttrium, are now 
supplied in a variety of forms. Impurities are held at a very 
low level, and in some cases the purity of these metals is 
higher than has hitherto been achieved. 

SCANDIUM @ GADOLINIUM 
YTTRIUM @ TERBIUM 
LANTHANUM @ DYSPROSILM 
CERIUM @ HOLMIUM 
PRASEODYMIUM @ ERBIUM 
NEODYMIUM @ THULILM 
SAMARIUM @ YTTERBIUM 
EUROPIUM @ LUTETIUM 


for- Specialised Products of 


Johnson 4% Matthey 
th meétal an 


he prodt . 


JOHNSON, MATTHEY & CO., LIMITED 
73-83 HATTON GARDEN, LONDON, E.C.! Tel.: Holborn 6989 
Vittoria Street, Birmingham, |! Telephone : Centra! 8004 


1S-79, Eyre Street, Sheffield. | Tele; hone : 292/2 


PORTABLE 


CONDUCTIVITY 
BRIDGE TYPE BC 1 


This mains-operated instrument has a 
bridge frequency of 1500 c's, and covers 
the very wide range of 0-05 to | ~ 10* 
micro mhos in seven ranges. 

A portable fully-transistorised bridge is 
also available. It covers the range of 

0-5 to | x 10* micro mhos in six ranges. 


INSTRUMENTATION 


A. M. LOCK & CO. LTD. 


Prudential Buildings, 79 Union Street, Oldham, Lancs 
Telephone : 6744 


\ RARE EARTHS 
\ 
| 
“4 
> 
ig 
a Details of purity and availabi ate 
f the vare earths will be 
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‘AMBERLITE lon Exchange Papers 


These papers, combining the functions of ion exchange with those of paper chromatography, offer 


anew and convenient analytical technique to the laboratory 


xture of finely-divided ion exchange 
paper by conventional methods and contain about 45% of resin by weight; the resulting high density of 


ge units is obtained without sacrificing wet or dry strength, and in practice leads not only to 


They are prepared from am resin and pure -cellulose pulp, made into 


centration of the components a test mixture. The resins used are stable in the 


c forms t Sif are insoluble in aqueous solutions and in organic solvents 
chromatographic work these papers show several advantages over a on exchange col 


smaller samples, shorter time, and no fraction collecting, and ofter the fractions may be sta 


The four grades of ‘Amber/ite’ lon Exchange Papers cover a wide range of uses 


lonic Form 
lon Exchange Paper Functional Groups ampl f Separ: rformed 
ge Pap p as Supplied Examples of Separations Performe 


Amberlite’ SA-2 Sulphonic acid Na Amino acids; aromatic amines 


Amberltite’ WA-2 Carboxylic acid H Copper, cobs nickei; vitamins 
ci lodide, iodate, periodate; carbohydrates 


Amber! SB-2 Quaternary ammonium 


Amberlite’ WB-2 Primary and Secondary amine OH (free base) Fatty acids; haemoglob 


nove traces of 1onisabie impurities from solution, and clarify the 


Used as filter media the papers should re 
rties and uses is contained in the B.D.H. leaflet 


solu'ion at the same time. Further information on their prope 
Amberlite’ lon Exchange Papers” which is available free on request 


THE BRITISH DRUG HOUSES LTD. 
B.D.H. Laboratory Chemicals Division - Poole - Dorset 


GRAFLEX 


The world’s finest 
industrial cameras 
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Monoenergenc Neutrons —Vil 
Since thert discovery i" 1932 rium reaction has a broa jer 
neutrons have been © dely used energy range than the Li reac 
nuciear bon bardment studies tron, it difficult to use The gas 
Investigations f excited levels of must be adsorbed on 4 * itable 
compound les f roduced by '% metal an 4 care taken to keep the 
elastic collisions with neutrons temperature below 100 Gas 
have enabdit { phys ists to de targets have been used but re 
| velop ™ dels des ribing these quire a thin window berween the 
} interactions vacuum system and the gas har 
Accelerators Gove Control ber, producing spread 
the proton beam. thm 1s 4 
The carly * rk with neutt 
| more suit able target material but 
| ag” with rack above neutron energies OF about 
sources The need for ontrol af 
== 600 kev 4 Se ond neutror grouf 
sion led to o Arrows indicate ratings of Van ce Coaatts ars 
particle accelerators 45 sources of 
monoenerget neutrons. Studies Fost Nevtrons Needed Variable Monoenerget'< 
were connne to the Mev fangs The only seful soune ot Beam Needed 
from exoergt reactions such as monoenergetrc neutrons In the The range of energies avail 
©) He* and (d, high kev range wided by able depends the energy 
He* Moderatron of these fast endoergic *€ actions of acceler the incident proton beam, 4S 
neutrons was possible but mono ated charged particles with suit shown above The 4 celerator 
energetic sources of slow neu able target nuclet These rea trons must have 4 ontinuously vafi- 
trons could not be provided until have threshold energies Of the able energy if a wide variation of 
the development of the atomic order of 4 few Mev At this neutron energy is to be obtained 
reactor in 1942. The subsequent energy. the neutrons are emitted Neutron energy homogeneity 
use of monochromators made with the velocity of the com- ig limited by target thickness, 
homogeneous beams of slow neu pound neucleus. By varying the gcattering material neat the 
trons av ailable energy of the incident beam and neutron target, and finally, the 
| Much work has been carried the angle of observation, any energy homogeneity oF the pro 
| out with these thermal neutron neutron enerey from about 0 ton beam The former are exper 
| beams 1n measuring energy levels kev to several Mev «an be ob- mental variables The latter 1s 29 
and spacings but, because of the tained. An excellent description inherent property of the a 
dimensions of the crystal lattice of the angular energy relation celerator Monoenerget'« beams 
the maximum energy 'S confined ship has been given by Hansen, from the Van de Graaft® have 
| to the order of tens of electron Taschek and Williams" long been considered to be the 
| volts The development of me The most suitable reactions for most suitable for this type of 
| chanical choppers has extended monoenerget'e neutron pf uc- work, and leading nucleat 
the energy range of monoerg* tion are H? (p. n) He and Lv physics laboratories throughout 
neutrons to the low kev region, (p. n) > The former has 4 the world are now using Van de 
but even this method fails above threshold of 1 019 Mev and the Graaffs built by High Voltage 
about 20 kev jatter, 1.88 Mev While the tr Engineering Corporation 
werite tor copy of out 
bulletin. 
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bility is only weakened, then the pollen tubes are less 
mhibited, but they 
tion ane produce 
style. The 
This competitive 


are still unable to effect fertiliza 
seed when their 
therefore still self-incompatible. 
interaction is the basis of Brew 


yrowing on own 


plant is 


baker and Natarajan’s interpretation of the fragment 
and self-compatibility in Petunia. A plant which 
produces pollen grains with a normal chromosone 
with S, and a fragment with S, 
interaction hye Tween the alleles, and will be self 


will exhibit competi 
tive 
compatible. 

The tinding of a 
behaviour of the 


and the 
both as 


chromosome fraginent 
self-compatible plants 
and female parents in Petunia 
conclusively that the change to self-compatibility 
maduced by the X rave and the selective method of 
self-pollination is due to the presence of two compet 


riale fata 


ing alleles in disomic pollen grain and not to mut 
of the S gene itself. This is certainly true of the five 
self-compatible plants analysed. It may or may not 
be the explanation for the remaining 16. self-fertil: 
plants which have not been reported in detail. 

The fragment in these 
plants is precisely what would have been expected 


ation 


extra S self-compatible 


on the hypothesis of competitive interaction in a 
genus such as Petunia, where competitive interaction 
results in a complete loss of the pollen imeonmpat: 
bility This shown by the data of 
Stout and Chandler® and interpreted bv Lewts'. 
Brewbaker and Na 
and 
results obtamed by me in 
thera 


reaction. was 
arajan claim that a chromosorni 


fragment competitive interaction can explain 
mutation studies in Oeno 
Or qanensis. 

I propose to dispose of the S fragment explanation 
of self-compatible plants in Oenothera only The 
arguments and findings given apply also to many 
of the self-compatible plants in Prunus and Tri 
folium. but these will not be discussed 
First, the competitive interaction in diploid 
pollen grains with two different S alleles in Oenothera 
has been analysed in detail in the combinations 
between S alleles used in the mutation studies. None 
of the pairs of different alleles showed competition 
strong enough to result in self-compatibility. Longer 
pollen tubes on selfing tetraploids were produced, 
but there were no seeds except in a tetraallelic plant 
Ny.gq¢ Which gave only eleven seeds from 15 flowers 
pollinated, which is less than 1 per cent of the com 
patible seed set. The plants are therefore not 
self-compatible, 

In Ce nothe ra the 
after X-ray treatment and self-pollination contamed 


50 per cent of heterozygotes SS,’ and 


organensis progeny obtained 
two classes : 
50 per cent of ‘homozygotes’ S,S,’, where SN,’ is a 
mutated form of S,. This &,’ mutant confers full self 
compatibility on the plant. These two genotypes can be 
unambiguously identified by their reaction as female 
parent in test The S,S,’ plants as female 
inhibit both S, and S, pollen, S,S,’ plants inhibit 
only S, pollen. Homozygotes of the type S,’S,’ 
were found in the progeny from selfing the S,S,’ 


CTOSSCS. 


plants 

In Petunia, on the other hand, all the progeny from 
X-ray treatment and self-pollination were identical, 
and reacted in the same way as the parent, that is, 
as SS, when used as females in test crosses, Further 
more, the progeny from selfing again the self-fertile 
plants contained only the one class. 

In Oenothera, even if competitive mteraction were 
strong enough to have resulted in self-compatibility. 
the presence of homozygotes of the types S,S,’ and 
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SS,’ m their expected proportions on a stable gene 
mutation hypothesis excludes the possibility of an S 
tragment and basis for the self 
compatibihty. Such homozygous plants could not 
produce pollen grains with two diffe rent alleles as 
required by the fragment explanation. 

Further evidence for the 


competition as a 


mutational origin of the 
self-compatible plants is not necessary, but it has 
been found recently in the reaction of diploid pollen 
grains in artificially produced tetraploids*® Not all 
pairs of S alleles show competitive interaction; some 
show dominance and some show independence, 
In a diploid pollen grain, S, and S, are independent 
in their that both are expressed \ 
diploid pollen grain with a normal S, and a mutant 


is incompatible on a stvle with S, or S,, whereas 


action 


a pollen with alone not mecompat ible on 


such styles In this case the activity of S,’ in the 
pollen, which has been lost by 


restored by the 


been 
so that S, protein ts 


mutation, has 
pre sence of Nv’. 
produced. The allole Sy’ has not been permanently 
changed by the presence of S,, but only its 
Such a result 


activity 
cannot be explained on a fragment 
basis 

\ceepting that a class of selt compatible plants in 
Petunia after X-ray treatment is due to the presenc 


of a fragment bearing an S gene, this explanation 


does not apply to Oenothera organensis, and it would 
found in 
In Petunia 
strong 


be surprising if all self-compatible plants 
Petunia could be explamed or this basis. 
where conipetitive 


interaction Is enough 
and the fragment is transmitted by the pollen, both 


S fragmental, S mutational or SN recombinational 


and possibly plants 
should be In Ovcnothera only mutational or 


recombinational S plants are expected, 


self 
found. 


The sieve operating in the incompatibility system 
will allow different mutations to 
different species In Ocnothera the 
diseriminating than in Petunia. In Petunia a wider 
spectrum of mutational changes will be 


classes of 


pars inn 
sieve Is 
recovered 
It is possible that, if more pollen grain were tested 
tor mutation in Petunia then the S,° type of mutant 
in Oenothera still not be found in Petunia 
The tests in Petunia were on 3.100 pollinations and 
this represents about 3 1a pollen grains. 
If the X-ray induced is the same in 
Petunia and Oenothera, only 3 self-fertile mutants of 
the S,’ type would be expected 

\ further point of 
self-fertile plants were 


may 


viable 
mutation-rate 


interest is that in Petunda 
not obtained after X-ray 
treatment and self-pollination of homozygotes of the 


type S,S,. This has led to the suggestion that the 


self-fertility may be due to some rare equal or unequal 
gene recombination’. 
explanation in some cases but not 


In Oenothera this in a possible 
in all, 
self-fertile mutants of the S,’ type have been obtained 
from S homozygotes (Lewis and Dowriek, unpub- 
lished). 

In two of the most completely analysed self 
compatible mutants induced in Oenothera the ¢ xplana 
tion rests on the mutation of an activator part of 


because 


the gene or of a Separate activator gene contiguous 
with the S specificity gene®, 


Brewbaker, J. L 
* Lewis, D., Adi 
* Pandy 


* Lewis 


, and Natarajan, A. 1 

Genet., 6, 235 (1954) 
K. K., Genetics, 41 27 (1956) 

l)., Heredity, 1. 8: 

* Stout, A. B., and Chandler ience, 94 

* Lewis, D., Proce. Roy. Soe., 8.151, 468 (1960 

’ Brewbaker, J. L., and Shapir N Nature, 183 


. Genetics, 45, 699 (1960 
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A Notable Growth Spiral on Synthetic 
Diamond 


it 


vas reported that 
loo \ 


yrowth spirals of step height of 


ELE 


observed o1 hat were otherwise very 
diamonds 
batch of crystals 
S.A Ot 


very 


itd aces of syntheti spirals 


found only 
General Electric 
examined 
found, towether 
ior} t iwrewiutar shallow, 
\ stock of selected 
lat 


ered 


one 


made by several 


thousand tacos onl two clear eut 


nyle-step spirals were with another 


imperfect 


examples. 


(seneral Electrie ervstal- 


Wir See and 


le spite care ful search, which 


ndeed uneoy many smooth cubie faces 


spirals were detected, althou 
of studied 


been engaged for 


mo 


considerable number 


were 


have past ik @ Natt 


microcrystal diamonds recently made by de 


These ery stals are of interest 
highly 
They are 


- of Johannesburg 
they 


woth oetahe dral and 


that show numerous pertect faces, 
being exanuned 
ith a high-sensitive phase contrast microscope and 
for both tech 
with magnification « 750 
the lat 


these some 


ith two-beam interferometry. 
ervstals 


using, 
nies, a objective, 


Phe 


HOCTOSS 


bye 


rest 


are tiny, 


and on thousands of faces have 


already been examined 
Among them another single growth spiral has been 
foumd, but it os 
rrevular face, 
The phrase contrast picture ( x 
1. Although of an apparent partial triangular 
this octahedral 
either between 


indeed striking It 
which must be an incompleted cubs 
500) bs 


apy ears OM wt 


shown 


certainly not (no 


60° or 120 


outline face 1s 
les of 
It is an incompleted cubic face 

ace origin, sweeping round with marked rectangular 
outline 


= 


oceur 


beautifully defined spiral is clearly of cube 
again our original finding is con 
fits the that all 


diamond only on 


Thus ones 
that this 
found to date 


firmed om too observation 


pirals on appear 
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smooth tuces oft svntheti 


vhere else 
Phis spiral is much more perfectly defined than 
any vet seen by us, and that it is one of considerabl 
step height is shown by the two-beam interfer 
Fig. 2. 500), taken with green 
Phe height of the spiral step is about 1300 4 
is surprisingly large 
The definition ot 
good on the 
the spiral edge and 
interferogram. I[t 


mereury 


the 


original that it 


nucrograph of Fiz 
that 
ected 
that 
on both the best of our earlier examples as well as 


can be clearly se 
this 
is worthy of 


is double, 
too on the nat 


on this one the complete face is covered by 
single spiral 


It ms once more re emphasized that spiral vrowth 


It is certainl 
not the normal method of growth. either of svnthetie 
thre 


is a quite rare phenomenon in diamond 


or natural diamond, as rarity of appearance 
proves 

Phe this 
laboratory is capable of revealing spiral step edges 
as shallow as 23 A.. and it is unlikely spirals 


been missed on the thousands of faeces studied 


phiese contrast tent in use in 
that any 
bow 
S. Touansky 
Roval Hollow ay College 
University of London 
Surrey 


and Sunagawa, I 


An Upper Limit for the Resistivity of a 
Superconducting Film 


SEVERAI have out to 
check whether the resistance of a bulk metal in the 
superconducting state is truly zero. The best known 
= that Collins’, in which a persistent 
current of several hundred amperes was maintained 
At the 


cle erease Mm 


experiments been carried 


carnmecd out by 


end of 


the 


na lead rmg for two and a half vears 


this time there was no measurable 


iy 
4 
few 
were 
be 
— 
4 >. 
> 
ne 
$ 
folansky, 185, 203 (1960), 184, 1526 
bis 
i 
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magritude of the current. The resistance of the rimg 
is quoted by Crowe? as less than 10-2! ohm, but no 
figure for the resistiy ily of the lead is given 

The question of whether the resistance of a super 
conducting film of thickness comparable with the 
depth of penetration is truly zero is of interest both 
fron: a fundamental point of view and because cf the 
using persistent currents tor storing 


poss bilitv of 
The present experiment 


information im ecmpulers, 
was carried out to investigate this problem 

In principle, the experiment consisted of indueimy @ 
pers stent eurrent ting film, then 
measuring the resultant magnetie field with a bismuth 
Hall -etfeet probe of the type deseribed by Kronick 
The presence of any resistance in the tilm would be 
indicated by a decay in the magnetic field. ‘To increase 
the sensitivity of the the L/R time 
constant of the film in the normal state was made as 
short as possible by adopting the arrangement shown 
in Fig. |. A lead film 4, 1000 A. thick, was evaporated 
on to a and a monoxide 
insulating layer B, 2500 A. thick, deposited on the 
lead in the position shown. \ third film (, 800 A 
thick, composed of an alloy of lead contaiming 2 per 
cent indium, was deposited over the insulation, making 
contact with the lead film A at each end. The narrow 
section of © had a resistance of 50 ohms at a tempera 
just above the ‘ 
which is about ten times higher than if the film had 
been rade of lead However, the 
small separation between it and the ‘ground plane’ A 
its contribution to the inductance of the loop is quite 
small. Measurements on a seale-model showed that 
the total inductance He. 
and hence the time constant L Ry 10 see. The 
bismmuth Hall-effeet probe was placed near the centre 
of the area D enclosed by the films and the ar range 
ment immersed in liquid helnun at a temperature of 
2-10 K \ persistent current Was induced im the 
loop by means of an electromagnet and the magnitude 


in a supercondus 


measurement 


substrate, silicon 


glass 


ture eritical Temperature 


pure because of 


of the loop was 5 


of the magnetic field produced as a result of that 
current was measured before and after an interval of 
3 hr The aceuracy of measiirement of 
the magnetie field was limited by noise in the probe to 
1 part im 50, but no decay in the persistent current 
outside this limit could be observed. Therefore the 
time constant in the superconducting state must be 
and the ratio Rs Ry 
10-18. The correspond 


(~ see.). 


greater than 50 see, 
(L/Ry)/(L') Rs) is less than 2 
ing resistivity in the superconducting sta’e is less than 
10-2? ohm em. This is quite close to the upper limit 
obtained by Collins, but due to the use of an alloy my 
figure for the ratio Rs Ry is probably about one order 


of magnitude smaller. 


and also the Ad 


gus 


IT thank Dr. Rhoderick of this Laboratocy tor 
suggesting the experiment an i for his helpful adv 


ralty for permission to publish this 
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Flow of Visco-Elastic Liquids from Tubes 


when @ 
the diameter 


the tube exit 


that 
that 


frequently observed 
flaud 
increases as the fluid mo 

To eliminate gravitational effects consider the fluid 
tube It be show? 
horizontal rmomentim 
should 


froma the 


Ir is 


elastic from a tube 


ver AWAY 
flowing horizontally trom a ray 
that if 
diameter of the 


conserved, the 
dlecrease as the 


Since the 


material moves away tube exit 
diameter often mereases with a visco elastie liquid 
it is deduced that conserved and 
that there should be a foree acting on the fluid. If this 
is the case there should be an eq ial and Opposite 


upparatus the fluid 


imi is not 


acting on the from which 


toree 
flows 


itv 
Mass flow-rate 


Fig. 1. Graphs of net thrust versus mass flow 
paraffin 3/16-in, diam. tubes. Curve 1 ilculated tf 
plate viscometer data; curve leulated for flat 


curve ybserved experimental re 

Results of some experiments to test these ideas are 
shown on Fig. lL. on which is plotted the net thrust 
exerted by the flowing liquid on the apparatus versus 
3. the observed net thrust, 
no net thrust is noted below a 
The net thrust then becomes 


the mass flow-rate. Curve 
is unusual im that 
certain mass flow-rate 
negative and finally positive, but is much less than the 
calculated value 

It is well known that 
Newtonian distribution of 
appear to show a 
acting along the stream lines 

The same type of force seems to be present in th 


have a 
and the 


these fluids 
normal 


non 
STresses, 
tensile for 


results measurable 


flow of solutions of aluminium laurate 
It was interesting to note that the apparatus moved 
in the same direction as the motion of the fluid when 
the net thrust was negative 
Harris 
Chemical Engineering Department, 


Universitv Ce'lege of Swansea 
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Inelastic Scattering of Conduction Electrons 
in Dilute Silver-Manganese Alloys at Low 
Temperatures 


Tue method of Gruneiren-De Haas was recently 
employed by me! for the analysis of our thermal and 
electrical resistivity data at helrum temperatures? on 
dilute silver—-manganese rods (contaiming, respectively, 
0-55, 0-32 and 0-14 atoms per cent of manganese in 
random solid solution) in transverse magnetic fields 
ranging from © to 25 kilogauss This method of 
analver yielded information regarding the variation 
of the eleetronic Lorenz parameter L, with the 
magnetic field and the temperature while, at the 
same tune, effecting the separation of the measured 
thermal conductivity into its electronic and lattice 
components 

I wish to direct special attention to a result of 
that analysis namely, that L,, at liquid helnun 
temperatures, dipped below the normal Sonmmerteld 
value Ly | 2°45 10-* watt-ohm-deg.-*), attamed 
a minunum, and approached the value L, at tempera 
tures close to 0 K 

In order to explain their own result followimg those 
of Gerritsen and Linde*) on the electrical resistivity 
maximum in the case of dilute allovs of a noble metal 
with a small amount of a transition metal, Schmitt 
and Jacobs* discussed the effeets of melastic unpurity 


seatternmg of the conduction electrons’* @ 
co-operative magnetic transition is known to oceur?-* 
n such alloys, m this Temiperature region, the apin 


degeneracy of the impurity ion is the reby removed 
and the seattering process involving the spin flips of 
the econduetion eleetron and the ion pecomes 
inelastic 

The critical test for the existence of such an 
inelastic scattering would be im the thermal resist: 
vity The ‘vertical’ transitions of the electrons, to 
which heat conductivity is very sensitive, would 
result in an anomalous contribution to the electronic 
thermal resistivity My results for the electronic 
thermal resistivity (,) of these alloys do exhibit this 
behaviour The plots of w,T against T show this 
in the form of a pronounced ‘peak’ 

Taking / (Om/Go) 1}, (where om stands for 
the value of the electrical resistivity maximum and 9» 
for the value at 7' —- 0), as a measure of the maximum 


fractional contribution of inelastic scattering, 
obtain an estimated f 0-1, in my silver—man 
ganese rod specimens. This ignores any temperature 
dependent contribution from elastic scattering by the 

For making the corresponding estimates in the 
case of the electronic thermal resistivity in. these 
specimens, write, o} 1}. 
Here. (ie. and (w,T), stand for the values at the 
peak’ and at T 0, respectively From my plots 
of w,T versus 7, we obtain f/f’ » 0-5, 0-6, and 0-8, 
n the order of decreasing manganese content, 

The fact that inelastic impurity scattering makes 
such a large contribution to the electronic thermal 
resistivity of these alloys, while making only a small 
contribution to the electrical resistivity, accounts for 
the ‘dip’ in the value of L, with respect to the normal 
vahie The further result that / to approach 
L,» at temperatures close to absolute zero (below 
1° K.) explained by the fact that this melastic 
seattering cannot occur at O° K Seattering. which 
would involve loss of energy by the electron, is not 
permitted smce there are no lower electrome states 


available seattering which would involve gam of 
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energy by the electron is also not possible since there 
are no ions in the excited states at @ K. to transfer 
energy to the eleetron 

Full details will be published elsewhere 

Grateful acknowledgment is made of the benetit of 
discussions with Sir K. 8S. Krishnan, Director of the 
National Physical Laboratory of [nelia. 


Low Temperature Section. 
National Physical Laboratory of India, 
New Delhi, 12 
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Breakdown Strength of Czsium lodide 


Two crystal structures, both cubic, are found in the 
alkali halide group of compounds: (1) the ‘sodium 
chloride type’ of interpenetrating face centred cubes, 
and (2) the ‘ewsium chloride type’ of interpenetrating 
simple cubes. All the group except c#sium chloride, 
cesium bromide and cesium iodide resemble sodium 
chloride at ordinary temperatures and pressures?. 
Measurements of the breakdown strength of halides of 
the sodium chloride type have shown? that there exists 
a simple relationship between the breakdown field 
strength. F, and the interionic distance, a, given by 
Fa? =28(+25 per cent) where F is measured in 
MV./em. and a in A. No previous work on the easium 
chloride type of halide has come to our notice. 

In the course of some work on electro- and photo 
luminescence of crystals, the opportunity was taken 
to establish whether cwsium iodide obeyed this 
relationship. The erystals used contained about 0-1 
per cent thallium (to make them better scintillators). 
his presence of foreign ions may raise the breakdown 
strength slightly above that of the pure crystal*, but it 
is unlikely that the increase will be greater than 
experimental error. 

Two single crystals of caesium iodide were used, each 
approximately 0-01 em. thick. For this thickness, It Is 
to be expected that ‘intrinsic’ breakdown will) take 
place. In one method of procedure, an aluminium 
point contact was used as one electrode and a metal 
plate the other, while in a second method a metal 
sphere of diameter 3 mm. was used as the first elec- 
trode. A film of water usually forms on caesium iodide 
crystals and results in discharges around the edges 
This was prevented by polishing the crystals in oil and 
keeping an oil film on the erystals during the expert- 
ments. 

Over a series of experiments at room tempt rature 
using the first method, breakdowns occurred at fields 
which varied from experiment to experiment, due 
probably to the presence of local flaws m the crystal 
structure, the minimum and maximum fields at which 
breakdown oceurred being @29 and 0-36 MV. em. 


M.S. R. Cuan 
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With the second method, the corresponding Jimits 
were 0-20 and 0-40 MV. em... and the 
was 0-32 (+0-05) MV. em 

The mterionic distance for cwsium iodide ts 3-95 A 
Then for this erystal Fa’ 20 + 3, in 
with the value found for the 
of crystal structure 


average value 


(ret 
reasonable agreement 


sodium chloride type 
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ASTROPHYSICS 


Trajectories of Chromospheric Disk 
Surges 


As a result of the use of rapid sequence H-alpha 
cmematography, Lockheed Solar Observatory has 
collected a large quantity of data on disk surges 
during 1959 and 1960. Simce January 1960, the band 
pass of the birefringent filter has been displaced 0-5 A 
to the blue or red of H-alpha. The increased contrast 
between active absorption features and the back 
ground in the wings of H-alpha has resulted in a 
greater ability to detect disk surges. The percentage 
of flares of all classes associated with observed surges 
increased from 11-4 per cent in 1959 to 20-4 per cent 
in 1960. Approximately 94 per cent of the total flares 
were sub-flares. During the two years, a total of 953 
flare surge events were photographed at the Observa 
tory 

The study of surges observed in the wings of /7-alpha 
has permitted the identification of a new class of disk 
surges which are characterized by extremely intricat: 
structures. Unlike the ‘classical’ disk surges which 
appear as straight brush-like extensions from flares', 
these dark surges, which we term ‘complex surges’, 
appear on single frames as irregular, dark mottles. 
Although material is clearly being ejected with 
typical velocities of 100 km./see., the complex surges 
show little preferential direction of flow and have 
trajectories seemingly dominated by local force fields. 
Table | lists three large complex surges observed in 
19680 


Table 1 


Flare 
import 


Mean 


Time velocity Associated 


Start | Max 
(U.T.) 


0030 0052 


1817 


1640 1655 


While viewing the off-band films of these events, 
particular attention was paid to the motion of the 
complex surges relative to the neighbouring bright 
coarse mottling. It found that whenever ‘he 
direetion of flow was altered the dark surge material 
mottling. The surges 
deflected many 


war 


appeared to avoid the bright 


with very complex structure were 


NATURE 


tunes as the surge material appeared to tlow alony 
the lanes between the bright mottling 

The complicated trajectories of these surges may 
perhaps be understood in terms of magnetie fields in 
the coarse mottling. The kinetic pressure of surge 
material moving with a speed of 100 km./see. with a 
density of 10" protons per em.® would be balanced by 
the magnetic pressure of a field of about 20 gauss 
The correspond nee between fields of such 
magnitude and Call plages was first established by 
the Babcoeks?, and has recently been corroborated by 
Howard® and Leighton’. The Call 
plages appear to be contained by 10: gauss contour 
and the fields in such plages may reach as high as 200 
gauss. The wings of H-alpha are not formed at the 
same height of the ¢ hromosphere as the centre of the 
Call K line; however, bright mottling in the wings 
of H-alpha and Call plages may well correspond to 
different heights im the chromosphere along con 
tinuous vertical magnetic columns. 

Detailed work on the association 
netic fields and the coarse mottling in the wings of 
H-alpha is needed; but it does appear that bright 
mottling is adjacent to large field gradients. Chromo- 
spheric filaments apparently le between regions of 
opposite polarity®, and when filaments are visible m 
the wings of //-alpha, they are generally bordered by 
bright mottling apparently identical to that which 
deflects the surges. Further work on the trajectories 
of disk continuing as the observations 
reported here suggest that surges may be utilized as 
‘test particles’ for the mapping of chromospheric and 
coronal magnetic fields 


boundaries of 


between 


surges 18 
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GEOLOGY and MINERALOGY 


Origin of Ignimbrites 


A FIELD and laboratory study of the Ordovician 
ignumbrites of North Wales that has been in progress 


since 1953'-* has revealed certain limitations in 
Marshall's original hypothesis! regarding the origin of 
this interesting category of rocks. These limitations 
have been apparent to workers elsewhere’ *. The 
evidence from North Wales, and much of the pub 
lished evidence from North and South America, is 
categorically opposed, however, to the hypothesis of 
origin now proposed by Steiner*. As this new hypo- 
thesis is based on a petrological study of the type 
ignimbrites from the North Island of New Zealand, 
and involves the far-reaching conclusion that liquid 
immiseibility plays a large part in the petrogenesis of 
acid igneous rocks, a critical appreciation of Steiner's 
views is urgently required. <A detailed petrological 
criticism is in preparation, and will be publishad in full 
elsewhere. In the meantime, it is appropriate to state 
that Steiner's conclusions appear to be based on a 
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nusinterpretation of the evidence afforded by the 
New Zealand rocks 

Stemer correctiv observed the presence of two 
ontrasting glasses in fresh New Zealand ignimbrites 
a feature of certam ignimbrites mentioned by othe 
authors" Ancient igmimbrites, such as those from 
North Wales, cannot contain unaltered glass, but they 
do retain. in many mstances, the textural evidence of 
its former presences It is on the textural evidence 
lerived trom a « OTLApMAPISOTL ot North We Ish rocks with 
unaltered New Zealand specimens that Steiner's 
hypothesis of liquid immiscibility is rejected. The 
of three, distinet glasses 


presence of Two, and, rarely. 


appears to be an accidental feature of certam ignim 


brites, and not of universal importance. In some fresh 
New Zealand ignimbrites, fragments and shreds of 
ivenile glaes can be seen to enclose rounded and 


partly resorbed xenoliths of earlier glasey ignimbrite 
and vitrie tuffs, along with globular masses of a similar 
hape and size of another glass of higher refractive 
ndex. The conelusion that this second glass did not 
enginate by liquid immisenbilitvy, but is present as 
small xenoliths, is amply confirmed by the oecasional 
presence of much larger angular xenoliths of the sar 
other 


xenolithie origim of the small 


vlass, contaming resorbed phenocrysts In 


natances the accessory 
viobular masses of the second glass is not so readily 


obvious, but, once its characteristic features have been 


detined by study of unambiguous examples, the 


general identity of origin of the 
confidently 


matching shapes, 


second glass can be 


accepted The peeuliar groupings and 


withm patches of small globules of 
related to the 
resorption ana we ron at tive rlitie fragments of 
Vent-rocks from North Wales 
anc large tragments contamed within ignunbrites 
both from New Zealand and North Wales, often hav: 
textural produced by the 


plastic distortion of hot obsidian contaming numerous 


thi econd glass, are clearly partial 


an eariiet obsidian 


ery intricate 


yas vesicles and dissolving xenoliths of earlier glass 
It is the texture shown by rocks of this type that has 
Stemer 

Steiner observed that the second glass has a higher 
This can bye 


expected if the 


refractive index than the juvenile glass 
confirmed, and madeed is to be 
second glass were present as reheated and partially 
Lissolved fragments of an earlier obsidian that con 
<olidated within or below the voleanic vent, for this 
would be derived from either an earlier volatile-poo 
ie phase, or from a 


differentiation 


fraction of the present 


magma less along the 

Much of the textural evidence deseribed by Steimer 
trom New aland ignuubrite can be stucied ‘ qually 


North Welsh rocks The 


for example, cannot be 


well m phenoery sts of 


gninibrites, deseribed as 
generally showing multiple resorption features. The 
vast majority of the felsapar phenocrysts are obviously 
broken and abraded by gas-generated expansion, and 
only the rare quartz phenocrysts preserved within 
xenolithie obsidian hiunips show that imtricate resorp 
tion outline regarded by Stemer as evidence for gentle 
flow rather than a violent expansion of gas Any re 
or pr mon ot phe nocrysts urred mainly hefore 
t ruption 

The conclusion of Hausen that iznimbrites are more 
akin to lavas in their mode of origin than to pyroclast 
«howers is one that most workers in th? field would 
support, but the field and petrographic evidence is 
definitely opposed to the view that they are true lavas 
every gradation from the 


There may m faet 
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borlong ! Ik enulsion sugyestedt by 
- 


Lacroix’? to a nueé ardente of gas-lubricated pyro 
clasts, 
between these two extremes, and, a 
ted, their melicate 


mutual adherence of hot plastic glass 


but the majority of welded ignimbrites fall 
Marshal! sugges 
gravity 


textures collapse and 


fragments of all 


deposited trom Suspension im an imeandescent 
vas stream The analogy with turbidity current 
deposition in marme sedimentation is obvious.) The 
many flattened glass bubbles seen in both the New 


Zealand and Welsh rocks confirm this hypothesis. The 
wnumbrites are 


Only im the 


flattened lenticles common mians 


mostly accessory obsidian xenoliths 


largest andi most widespread flows can the suspicion 
be entertained that any of the melusions are con 
posed of collapsed glass froth The Pitts Head 
ignimbrite of the Pass of Llanberis, North Wales, os 
one such example 

With the further aceunnilation ot our knowledge of 
acid volcanism it seers Likely that an analogy with 


the work of Jagger™ on basic mayrmas may become 


Welded 


product of a fluent gas-generating acid equivalent o 


possible ignimbrites appear to be the 


basie pyromagma, the lenticles contamed in therm 


‘ 


being consolidated fragments of an acid « quivale nto 


basic bench or epimagmuat. The difference between 
sillars and lded ignnnbrite = analogous to 
the difference between pahoe hor and aa-flows The 


principal difficulty facing workers on ignimbrites is 
that nowhere has the d*position of a welded ignim 
brite The evidence from field and 
examimation of these leaves mo 
that the difference between the 
flow and the observed 


ardentes ix primeipally one of degree depe nding on the 


been observed 
NUCTOSCOPp ron ks 
doubt. 


average 


however. 
iwnimibrite NMEES 
tate and quantity of the eruptmg magma \lwavs 
is the active 
place the 


there ix overwhelming evidence that gas 


agent immisenbility tind ne 


liq ud 


mechanisi at ignunbrit« formation 
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Skiddaw Slates proved in the Teesdale 
Inlier 


CHE small inlier of Lower Palwozoi rocks Upper 
Teesdale crops out beneath Carboniferous strata in 
the banks of the River Tees below Cronkley Scar near 
the hamlet of Langdon Beek. Co. Durham The 
inlier is poorly exposed, but consists of an eastward 
belt of soft greenish and light-coloure d highly cleaved 
slates. until reeently regarded as completely unfossi- 
and a western area in which exposures of 
Che slates are best exposed in the old 
Peneil Mill 35)849296 vhere 


literous, 
lay occur 


workings near the 
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at one time the softer beds were worked up into 
slate-pencils. 

The Teesdale Inlier was discovered in the latter part 
of the last century when the highly cleaved 
were described as probably Skiddaw Slates, Lowe 
Ordovician, by Dakyns! in I877. A further account 
of the inlier in 1878 by Gunn and Clough? referred the 
slates tentatively to the Silurian Stockdale Shales 
Later authors followed Gunn and Clough in regarding 
the slates as probably Silurian until Kendall and 
Wroot’ revived the view that they were better placed 
Skiddaw Slate Series. and this latter view was 


Dunham 


slates 


in the 
supported by mica-lamprophyt 
dvkes are intruded into the in the viemity ot 
the Peneil Mill and have been deseribed by Willianis 
lhe lavas at the western end of the Inlier are tenta 
tively referred to the Borrowdale Volcanic Series 
The first fossils to be found im the slates of the 
nlier were collected near Pencil Mill by Mr. G. F. Lea 
luring a Durham undergraduate geological mapping 
The 


eraptolite which were not 


Five 
slates 


exercise in the spring of 1959 specimens con 
~isted of poorly rved 
found sn situ. Several subsequent visits to the inbhiet 


further yraptolites were ssful 


boat thin-shelled 
obtained which are belheved to be phylloearid crus 


seure h ot 


small elongated fossils wert 


tacean carapaces and tentatively referred to % Caryo 

ssp. On a further recent visit to the inlier three 
more graptolites were obtained from slate scree in the 
Peneil Mill workings and the preservation of these 
specimens is more definite It is noteworthy that al 
slates ot the 
and it is 


inlier are meon 
undoubte Aly 


vered 


the fossils found in the 


“picnous to the naked eve 


owimg to this that they have remaimed undisco 
intil the last few 

The graptolites found in the Teesdale Inlier have 
been examined by Prof. O. M. B. Bullman, 


has tentative identification of the SPpecunens 


Vears 
who 
follows Gilyptograptus dentatus 
Brongn. 
pendent didymograpt id. possibly elimacograptoid 
Holm Ms. (Bulman 

This fauna, particularly the 


¢ ‘ry ptogra ptus sp 
Lidymograptus sp.. the proximal end of a 


prese mee 
lidvmograptid in with 
sound evidence of Lower Ordovician age and shows 
that the beds belong to the upper part of the Skiddaw 
Prof. Bulman suggests that the slates 
* the Teesdale Inlier may in facet be an 
extension of the Ellergill Beds, the central division ot 
Skiddaw the Fell Inlier. Phe 


% Caryocaris sp Teesdale slates 1s 


of pendent 


association dentatus Is 


Slate Series 
easterly 


Cross 
presence of in the 
supporting evidence for Skiddaw Slates Series age 
Thus the long disputed question of the age of the 
Inher is finally solved by the 


the Slates of 


slates of the Teesdale 
discovery of a graptolite fauna 

The advice and assistance of Prot. O. M. B. Bulman 
and Mr. J. D. D. Smith, kindly examined 
the graptolites and other fossils from the ‘Teesdale 


who 


Inlier, are gratefully acknowledged 
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Ekanite, a New Metamict Mineral from 
Ceylon 

spec imiems, the 
transhicent 
yermmstone may 


several largest about 


1953. 
ofa green transparent 


SINCE 
44 


When 


mineral, 
cabochon-cut as a show 
have reached Europe The 
occurs the Khelivagoda faknapura 
district, Ceylon, and was originally found there by 
Mr. F. L. D. Ekanayake, who suspected that it might 
new This has now 
chemical and physical study, of which the principal 


hich 


some asterism mineral 


gem pits ot 


be a Species been contirmed by 
results are given he re 

Che mineral is metamict. and an analysis by Mr 
I). I. Bothwell gave: SiO, 55-6, ThoO, 27-6, UO, 2:1. 
FeO, 0-5, CaQ 13-7, PbO 0-8 per cent, with traces of 
MgO, total vielding the 


formula 


per cent, 


Th.U)(Ca, Fe Pb) 
rmiimeral as 
After heat 


The refractive index and density of the 
found are 11-5969 and 3-280 re spective ly 
ing at O10 C. for 24 hr. these constants fall to 1 
and 3-276 

At temperatures the 
mineral re-erystallizes to a X-ray 
powder and single-crystal diffraction patterns can be 
indexed on the basis of a body-centred tetragonal cell 
14-06 A The density 
after heating at 24 hr. rises to 3-313 and 
the mineral becomes opaque putty-coloured 

Heating at higher temperatures involving re-melt 
ing leads to the development of the thorium silicate, 
huttonite If the mineral is fully melted and then 
re-erystallized at 1.0007 C., the product appears to be 
of the britholite -lessmyite cer 


between 650) and Lao. ¢ 


phiatse of which 


having dimensions a 7-46, ¢ 
for 


a thorium analogue ite 


Besides som inclusions parallel to two 
clireetions at right angle Rf banite contains occasional 
identified with 


mucro 


larger opaque inclusions not vet 
ceTtamty. 
The mimeral is named after the discoverer 
account will be published elsewhere 
B. W. ANDERSON 
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METALLURGY 


Arc Initiation on Heated Metals by a 
Hydrogen Discharge 


AN undesirable unportance to 
experunental investigations of toroidal pinched gas 
discharges is the formation of unipolar and power ares 
at metallic parts of the system exposed to the plasma! 
Previous work? has indicated the important part 
played by insulating mclusions in metals in the pro 
cess of are initiation under these conditions. We are 
arcing characteristics of refractory 


phenomenon ot 


investigating the 


metals, exposed to a toroidal discharge in pure 


NO. 
Say 
ts 
4 
ini 
Hi 
ID 
te 

oF 
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A. 


1.400 
erature 


1,600 


f temperature for molyb 
emperature increasing 
CTeasing 


Arcing-rate 
16 amp 


hydrogen, as a function of temperature. The results 
so far obtained support the hypothesis that arcs are 
uuitiated through the agency of second phases. 

The metals tungsten, tantalum and molybdenum, 
in the form of wires of commercial purity, are biasod 
negatively with respect to the plasma at upto 2 FV. 
Mean jon current densities of up to 16 amp./em.* are 
drawn from the discharge for a period of 200 usec 
The temperature of the wires can be varied by direct 
electrical heating. There is, in addition, 
from the discharge (due mainly to ions drawn during 
the pre-ionizing period) which sets a lower limit to the 


one heat my 


temperature ce pending on the biasing voltage (730° ¢ 

at 1 kV., 970° C. at 2 KV.). It is found that aremg 
tends to occur when the wires are cool but not when 
hot, even though the temperature is sufficiently high 
for thermioni Fig. | shows the arcing rat« 
percentage discharges in which an are occurs) as a 
funetion of temperature for molybdenum at 2 kV 


16 amp./em.*. 

It is clear that a marked transition from an arcing 
state to a non-arcing state occurs a uing both heating 
and cooling. The transitions are attributed to: (a), on 
heating, the solution of second phases; (6), on cooling. 
their proeipitation. This interpretation is supported 
by quenching experiments on molybdenum. the 
is first heated to the non-areing state and then 
cooled quickly (by radiation) it does not are initially 
at ambient temperature (970° C.), but de-conditions to 


wire 


the arcing state after a further period of discharges 
Thus the super 
saturated 


retains & 
which, however, 
gradually precipitate at the ambient temperature. 
We find that the aremg change 
slowly durmg the course of experiments on @ particu 
lar wire. Aremg tends to occur less readily in the later 
stages of the tests, particularly at low voltages. This 
behaviour is attributed to the loss from the wire of 
The mechanism by which 


quenching treatment 


solution of impurities 


characteristics 


the are-initiating phases. 
this occurs is believed to be essentially that which 
initiates an are \ second-phase particle on the 
surface is charged up by the meoming positive ions 
until an electrical breakdown The energy 
released during the breakdown ts sufficient to evapo 
rate at least a portion of the particle. The puff of 
vapour so r leased can initiate an are if of sufficient 


Occurs 
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sufficient strength 
If, however, these requirements are not met, a simple 
impurity the surface. Thermal 
eyelmg will, however, tend to replenish the depleted 
by diffusion of from the 
interior. This hypothesis is supported by experiments 
on molybdenum at 


size amlail the electric tie ld is of 


Lon ot oceurs at 


surtace 
electrical conditions 
Thus at 1-7 kV.,. 
em.?, the arcing-rate passes through a maximum at 
about 1,050° C., during heating and again on cooling 
At low temperature, therefore, the 
between surface depletion and precipitation is won 
by the former due to low diffusion-rates 


less severe 


than those mentioned above S arip 


competition 


We have made use of the depletion process to 
prepare molybdenum wires which are virtually non 
arcing at any temperature in the range 700-1,800° © 
The procedure adopted is to cool the wire slowly from 
1,800° C. while at the same time exposing it to an 
uninterrupted series of discharges at the maximum 
electrical conditions of 2 kV., 16 amp./em.*. Very 
little arcing oecurs during this process if the cooling 
rate is sufficiently slow; the surface 
therefore evaporated before they grow 


particles are 
big enough to 
start are After several such Operations Tho arcing 
can be induced by extended heat treatment aimed at 
homogenizing the wire to encourage surface precipi 
It seems likely therefore that the wire is 
depleted throughout its volume by this method. 


tation. 


These observations suggest that the conditioning ot 
various metals against areing at room Temperature 
observed by Craston ef al.) is due to the depletion at 
the surface of insulating inclusions. 

\ detailed report is to be published elsewhere 

J. T. 
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CHEMISTRY 


Prevention by Cysteamine of Radical 
Formation in Bovine Serum Albumin 
by y-Rays 


CYSTEAMINE is one of the most effective substances 


for the protection of animals against ionizing radia 
tions, and in vitro has been shown to reduce radiation 
damage of macromolecules by energy transfer in solid 
polymethylmethacrylate', by capture of radicals 
for serum albumin in dilute solution®, and by hydrogen 
transfer to an organic radical for polymers in aqueous 
solution®*. Gordy and Miyagawa® have found that 
the electron spin resonance spectrum of the protein 
zein is altered in magnitude and character if eysteamine 
is present, and have ascribed this to the combination 
with the protein by a disulphide 
Earlier experiments! led us to 
transfer more 


of ecysteamine 
exchange reaction. 
believe that an energy 
probable mechanism of protection, and to test this 
hypothesis we studied the effeet of eysteanune on the 
bovine 


process Is aA 


electron Spin resonance spectrum ot 
albumin irradiated with cobalt-60 rays at 
temperature and at 77° K. (dose, 5 Mrads, dose-rate 

750 krads/hr.). The mixture of 90 per cent bovine 


serum albumin 


room 


10 per cent cvsteamuine was produced 
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~ #0 
40 
“0 
° 
x 
Temy 
Fig. 1 as a funct lenin 
at 2 kV em I ter 
perature 
A 
~ 
Fike 
' tre ; | 


June 10. 1961 


4780 
by freeze-drying a solution, Although bovine serum 
albumin contains 17 disulphide groups per molecule, 
none of these reacts with cysteamine under rsoelectric 
conditions because they are sterically iInaccessible® 
and the by disulphide 
exchange is therefore excluded (htuman serum albumin 
combines with cysteamine at the 
because one disulphide bond is reactive’). 

4 400 ke.’s. magnetic field modulation X-band 
spectrometer was used. The samples were placed im 
an H,,, transmission-type cavity. The source of 
microwave reflex A302 
klystron, and crystal detection employing a CV2154 


possibility of protection 


ioelect ric 


power was a low-voltage 


erystal was used. A maxunum linear sweep amplitude 
200 gauss was obtamed using an electronic 
bootstrap’ type linear sawtooth generator. Thus all 
as the first derivative of the 
function of variation im 
held 
constant, 
radicals in 2,2 diphenyl %-pieryl hydrazyl could be 
detected at room temperature, 


ot about 
spectra were recorded 
absorption intensity as a 
magnetic tield with the microwave frequency 
At maximum usable sensitivity, 7 


Fig. 1. Electron spin resonance spectra of bovine serum albumin 

and a mixture of 90 per cent bovine serum albumin 10 per cent 

inder various conditions. All spectra recorded at the 
same spectrometer sensitivity 


steamine 


Fig 1 shows that the presence of 10 per cent ot 
ceysteamine reduces the intensity of the eleetron spin 
resonance spectrum: of bovine serum albumin whether 
the irradiation is carried out at 77 K., at 
Temperature air 


room tem 
perature im racue, or at room 
The nature of the electron spin resonance spectrum is 
different under these three conditions, but in every 
case cysteamine has the same effect, namely, to reduce 
to half or less than half the number of radicals that 
formed. In the 
eysteamime on its Own gives no signal 
at 77° K. presumably reveal all the radicals thai are 
produced on irradiation, while electron spin resonance 
at room temperature measures those radicals that for 


same weight of 


Measurements 


are each case 


steric reasons have been unable to recombine 

The protection by cysteamine seen in the room 
temperature measurements could be due either to 
energy transfer from the proteins to the eysteamine 
before a radiochemical reaction occurs, or due to 
hydrogen transfer leading to a reconstitution of the 


protein radical : 

SH - RH 
The electron spin resonance signal of the mixture at 
room temperature is small and a choice between the 


(2S- S.S—) 


two mechanisms is not possible. 
This hydrogen transfer ‘repair’ mechanism (cf. 


refs. 3 and 4) eannot, however, apply at 77° K 


NATURE 


* Chark shy, A 


ince the radicals are effectively frozen and prevented 
reacting, and = the protection must 
therefore be averibed to an energy-transfer process 
that originally 
Moreover, the 


from observed 
observed in 
spin 
K. is qualitatively the 
This 
been 


similar to synthetic 


polymers electron resonance 
spectrum of the mixture at 77 
same as that of bovine serum albumin alone. 
confirms that the 
protected by transfer of to the eysteamime 
rather than bv a which would 
probably give rise to a signal in the nuxture different 
from that for There 
seems to be no reason for lumiting this interpretation 


to bovine serum albumin and we feel that the disul 


bovine serum alburnin has 
energy 
chenueal reaction, 


bovine serum alone. 


phide oOxe hange reaction need not be involved in the 
protection of other proteins by sulphydryl compounds, 
in part icular since our electron spin resonance exper! 
with irradiated cystine and 
albumin (Libby, D., Ormerod, M. G., and Alexander, 
P., unpublished work) do not lead us to the con 
clusion of Gordy, Ard and Shields* that radicals 
induced by irradiation are chiefly associated with the 


ments bovine serum 


sulphur atoms to which the energy deposited in other 
parts of the protein molecule migrate. The electron 
spin resonance pattern of bovine albumin 
when all the radicals are still 
of irradiated 


serum 
irrachated at 77 K 
present, bears no resemblance to that 
evetine. 

Our expernments lead us to question the hypotheris® 
that disulphide exchange plays a part in the protection 
of animals against radiation by cysteamine, since this 
he invoked to aceount for the 
whether this occurs 


mechanism need not 


protection oft protems 


directly or by eapture of radicals formed in 
y cay 


water®. 
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Behaviour of Magnesium Impurity in Gallium 
Arsenide 


AnomaALous behaviour of magnesium in gallium 
arsenide has been reported by Edmond! and Weisberg 
et al2. who found that magnesium behaves as a donor 
impurity, differing in this respect from zinc, cadmium 
and mereury Edmond incorporated 5:7 
atoms/cm. of magnesium in his specimens and found 
it to be a donor impurity ; however, Weisberg found 
magnesium to be a donor when present at low con- 
acceptor at levels higher than 
The experimental methods 


but an 
atoms/em.?. 


centration, 
4-4 


ag 
: 

| 

: 
<p 

| 

A 

| | 
| | 
| 

| 

_at room temperature Fuom temperature. No detectaic s 
a? 

: 

= 

f 


how 


heating 


ploved by We not known 
prepared specimens 


Tore ther in 


isbery are 
arsenide and magnesium sealed 
a tubes for | hr. at 1,551°> K., a small quantity ot 
enc bemg added to prevent decomposition. 
specimens were prepared in these Laboratori 
method deseribed above As thev had similar 
erties, the calculations and work reported here 
relate to one of these samples only. 
light grey stain 
tube This 
Was not 
between the 


was observed on 
whic h 


removable 


\fter cooling, a 
surface of the 
small area only, 
indicated 


the imner stain. 


apy over a 
by aqua regia and reaction 
and its 


etched to remove 


was carefully 


contents Lhe specimen 


trib 
surface oxides and was compared 


spectroygraphically with the pure gallium arsenic 
which it was prepared The 
f magnesium and silicon, barely 


showed up strongly for the specumen 


most 


visible for the 


from 
tithe 
arsenide, 
ratio of silicon to magnesium was estimated 
greater unity. 
determine the true 
further specimen was prepared in a 
Gallium arsenide and magnesium 


hat than 


In order to 


behaviour ot 
a 
lifferent manner 
were placed in a carbon container with a well-fitting 
hid. This container, together with the correct quantits 


was sealed within a silica tube and heated 


ot arsenic, 


to L551) KR. for a short time 

exXarmmination 
than in the other 
bar acceptors 


Spectrographic indicated ai omnuel 


smaller siheon content specimens 
This specimen was p-type with 6-1 x 
lor atoms 


Magne 


arsenide 


em.* compared with 5-6 magnesium 


em.’ which were incorporated by weighing 
sium, therefore, is an acceptor m gallium 
and probably occupies gallium lattice sites 
magnesium and silica proceeds 


Reaction between 


according to the general equation 


SiO), 2MeQ + Si 


2My 


This implies that in experiments of this kind. a thin 
laver of magnesium oxide forms on the inner surface 
The rate of reaction is limited by the 
fresh silica can reach the 
and the tinal ratio of silicon to 
is determined by the com 
in equilibrium with the 


tube 
whi h 
diffusion 
magnesium in the 


of the 
rate at surface (by 
solid state 
melt 
position of the phase 
melt 

At 1.551° K., the system MgO SiO, 
stable intermediate phase Mg,SiO,, and another phase 
MeSiQ, of marginal stability The extra stability 
of Mg, SiO, is 15,120 cal./mole and large variations 
in the activities of MgO and SiO, are to be expected 
for MgO: SiO, ratios close to 2 : 1 (compare the 
treatment of system CaQ-SiQ), *) 

For equilibrium with oxide phases having MgO 
ratios less than 2, it is best to use the equation : 


has on 


Sit) 


+ Mg, SiQ,(s 4. 


2S10),(s) 


83.980 + 2-52 T log T 4-007 
eal. at 1551 kK 
For equilibrium with oxide phases having MgO 


SiQ, ratios greater than 2, it is best to use 


Si(l 
2-52 T log 7 


WK 


2Myil) 4 


AG 


My, Sif 


53.740 4 4-007" 


$9,000 cal. at 


In order to proceed further, it is necessary to know 


values of the activitv coefficients of silicon and 
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magnesium in gallium arsenide These are not 
available and, as this is only an approximate treat- 
ment, ideal solution behaviour has been assumed fo: 
Liquid magnesium 


the purpose of these calculations. 
adopted as the 


and undercooled liquid silicon are 
standard states 
In the experiment carried out in these Laborator 
the amount of magnesium incorporated im ¢t 
specimen was 5°25 10'* atoms em 
Combining this information with a AG°® 


79.250 cal. and, using the expression 


value 


A@ RT log 
ve obtaun 
or 
ratio 
magne m x 10% 


where x is the mole fraction 
\lternatively, At? 
we obtain: 


using a 


r 


ne 


As silicon is a donor impurity in gallium arsenide, 
electrical behaviour, previously attributed to may 
nesium, may be explained by the 
replaceme nt deseribed here The 
with silica were shown 
n-type but 


process of chemi al 
Spec Imens prepare i 
by thermal E.M.! 
the ratio x 


contact 
measurements to be 


, appeared to be less than the estimated value 


of 95 

Taking into account electronegativities of the atoms 
involved, and the stabilities of then compounds, it 
that the assumption of ideal behaviour is 
accurate for silicon but not for mag 
nesium. Silicon has a structure similar to that of 
gallium arsenide and can substitute on either lattice 
site Each magnesium atom, by analogy with zim 
or cadmium, should substitute on a gallium site and 
be surrounded tetrahedrally by four arsenic atoms 
Magnesium forms a stable arsenide. Mg,As, 
(estimated heat of formation, 90,000 cal./mole), 
in which each magnesium atom is bounded by four 
For this reason. 
gallitin 


appears 
reasonably 


also 


arsenic atoms as nearest neighbours. 
the activity coefficient of magnesiim in 
arsenide should be considerably less than unity. 
Equations (2) and (3) represent the limiting condi- 
tions likely to be encountered in experimental work 
from them need 
of mag- 


Ratios of 2 magnesium Gerived 
to be reduced to allow for the non-ideality 
nesium. The extent of this reduction is not easy to 
estimate 

This work is being carried 
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Crystal Growth of Gallium Arsenide using 
Carbon Boats 


M arsenide is a semiconductor of great 
interest from the purely scientific point of view and as 
a device material. It is therefore desirable to be abl 
to prepare single crystals of high purity. Because 
of the reactive nature of gallium liquid and arsenic 
apour at high temperature, limited number 
used as materials for 
K.). Among 
alumina. In 


only a 


of refractories may be boat 
gallium arsenide (melting point, 1,511 
are carbon, vitreous silica and 
addition a sealed envelope of vitreous silica is generally 


arsenic \ apour 


These 
employed to prevent the escape of 
trom the system 

It is observed that, in general, the use of carbon or 
arbonized silica boats facilitates single erystal growth, 
whereas ingots grown in silica boats exhibit various 
legrees of wetting and subsequent polycrystallinity 
On the other hand, despite reduced wetting. material 
vrown in carbon boats is the more strongly n-type 
rypieally, a crystal grown in a carbon boat vields 
concentration of 1:3 «x 10'*/em.4 

2.500) em.?/V./sec compared 
10° /em 5.000 em.2/V./see 
worth 


an electron and 


Hall 
with the usual 3 
obtained for crystals 
adding that in all cases the observed mobility is less 


mobility, uy, 
and 
grown in silica. It is 
than that to be expected from the carrier concentra 
tion', implying a fair degree of compensation. Ther: 
s, therefore, a considerable gain to be achieved 
by the removal of residual impurities. 

Although the results above indicate that the pre- 
senee of carbon increases the donor concentration in 
wetting 


vallium arsenide, the absence of suggests 
that this is not due to carbon being dissolved in the 
melt. It is suggested, therefore, that the prime effect 
of carbon is to bring about reduction of the silica 


enve lope according to the equation 


Spectrographic examination indicates that silicon is 
present in fair amounts in gallium arsenide grown in 
carbon boats 

At the melting poimt of 
standard free energy change for reaction (1) is A G° 
26.000 eal.?. Using the relation 


vallium arsenide, the 


AG® = RT log Kp 2RT logepeo 

where Poo 18 partial pressure of carbon monoxide. 
we obtain peo 1-3 x 10-* atmosphere. We can 
see, therefore, that starting with carbon and 
in a closed system, free silicon is produced until the 
pressure of carbon monoxide reaches the above vali 

In addition, the free able to dissolve in 
molten gallium arsenide to form a dilute solution 

its activity is thereby reduced and the reaction can 
proceed further from left to right. 

Since similar results are obtained for carbon as for 
carbonized silica boats, it that silicon must 
enter the melt from the vapour phase. The following 
reactions are reversible and provide mechanisms for 


silica 


silicon is 


seems 


the transport of carbon and silicon from one part of 
the svstem to another 
| 


C(s) + CO.(g 


SiO,(s) = 
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. the partial pressure of silreon monoxide 
* atmosphere 
Vapour pressure ot 
likely 
arsenic the 


which 


CASeOUS 


equilibrium 
attained, It 


In practice, the 


carbon monoxide is not seems 
that 
system is high (0-9 atmosphere 


melt is 


partial pressure of 
the 


limited by 


Since the 
rate at 
silicon enters the mainly 
diffusion and convection 

Carbon should be a satistactory 
arsenide under 
with reducible oxides such as silica 


crucible material 


for gallium conditions where it Is 
unable to react 
Recent chemical analysis of gallium arsenide grown 
in contact with carbon has shown the carbon content 
less than 2-7 «x 10°? atoms/em.*. which is the 
One 
earbon in arsenide to be 
compara bl that in the 
temperature (about atoms cm.’ at 1511° K 

This work is being carried out under Admiralty 
contract P.4D(2) 5298/58 60.2 


To be 
limit 
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method, would expect 


gallium 


of detection of the 


with germanium at same 
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Methane Oxidation initiated by Electrical 
Discharge 

apparatus for the mass Spectrometric study ot 
radicals occurring in gas-phase reactions has 
recently been completed inthis Laboratory While 
testing the equipment we have investigated the 
reactions in a methane Oxygen mixture, subsequent 
to electrical discharge in one of the gases. 

The apparatus, which is illustrated in Fig. 1, is 
essentially similar to that of Foner and Hudson’. A 
tlow of gas is maintained through a silica discharge 
tube, the discharge products being swept into the 
‘Pyrex’ reaction vessel, where they may mix with 
another gas entering down a side tube. The mixing 
zone ix sampled by a pinhole in platinwm foil leading 
to the ion source of a Metropolitan-Vickers M.S.2 


tres 


mass spectrometer. The ion source was modified by 
the makers to provide a higher pumping speed, 
differential pumping from the filament region, and 
line-of-sight access from the pinhole leak to the 
ionization chamber. 

The electrical discharges mamtaimod by a 
200-watt radio transmitter, working at 13,560 ke. s.. 
which supplied a coil wound around the discharge 
tube, 2 ft. above the sampling pinhole. Pressures 
of 500-750u and flow-rates of 500-700 ml./see. wer 
used in this work 

The detectable 
methane were mainly ethane and hydrogen, with some 
approximately one-third 


were 


products from a discharge in 
acetvlene and ethylene ; 
of the methane was removed, but the C, hydrocarbons 
detected could only account for 60 per cent of this 
When oxygen was added (through the side tube) to 
the products of a discharge in methane the detectable 
there was a slight 


products were scarcely affected ; 
and some 


decrease in the amount of ethane formed, 
water and carbon dioxide were detected, but 40 per 
eent of the carbon was still unaccounted for. 

If the oxygen is submitted to the electrical dis 
charge and the products mixed with undissociated 


ied 
4 
At 
4 
4 
igs. 
a 
Hilsum, C., Proc. Phys 414 (1964 
Richards« F. and and Steel Inst.. 160 
t 104s 
3 
1) 
ore 
aks 
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methane, the detectable products of the reaction are 
very different. Within the limits of the present work 
there is a carbon balance, 80 per cent of that lost as 
methane and the remainder 
equally divided between ethylene and carbon dioxide ; 
The remaining hydrogen 
per 


appearing as ethane, 
no ace tviene is detectable 


appears mainly as water, only about 10 cent 
being 

A large residual peak exists at a mass/charge ratio 
of 17, its height being two and a half times that of the 
water peak at m./e 18. We are unable to explain 
thus peak, oxcept by the 


hydroxyl radicals. 
Since we were not able to use low electron energies 


to confirm the presences of free radicals’, the above 
Work is 
now in progress to use the low electron energy method, 
and also to coat the surface of the platinum foil so as 
the rate of recombination of radicals 
further results will be reported in due 


conclusions must be regarded as tentative 


to reduce 
thereon ; 
course. 
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mass spectrometer, which was provided by grants 
the Scientific and Industrial 
Research and Esso Research, Ltd. One of us (M. B. 
the holder of a Department of Scientifie and In 
grant, and the other 
Industries, Ltd., 
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internuclear Distances of Methyl and 
Methylene Radicals 


THE experimental determination of the geometry 
of the methyl and methyleno radicals is very 
difficult'*. Hence it may be of some interest to report 
estimates of the internuclear distances of the methyi 
and methylene radicals. made of 
several hydride radicals and molecules of the first row 
of the Periodic Table as shown in Table 1 and 
Fig. l. The arrangement indicates regularity in the 
differences of the internuclear these 
struetures. 


Comparisons were 


distances of 


ternuclear distance 


Ni hydr 


Relation between intern listances 
nts of the first row of the eriods t 
t the number of hydrogen at 


The internuclear distances of methyl and methylene 
radicals are estimated to be respectively 1-096 and 
1-105 A. It is interesting to pomt out the general 
utility of networks of the type shown in Fig. 1. A 
large grid of which Fig. 1 is a part has been used in 
another A physically significant point 
of such a network must lie at the juncture of four limes 
as indicated in the diagram. The structures shown in 
Fig. 1 are both radicals and saturated 
Since the nitrogen hydrides fit into this simple scheme, 


connexion’, 
molecules. 


COMPARISON OF INTERNUCLEAR DISTANCE FIRsST-Row 


HYDRIDES 

R, 
CH, CH, 
1-024¢+7 Nu 


rable 1. 


1-O24¢4 
1-957¢ 


NH, 
OH, 


0-067 
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HYBRID METHYLENE RaDIcal 


(CHD) 


(#EOMETRY OF THI 


Fig. angle Deviation 


rom y-axis 


it may be expected that the corresponding carbon 
hydrides should located within the same 
framework in similar manner. 

From the rotational constants? B”(CD,) = 3-96 and 
B’(CHD) =5-33 em.-', the principal moments of 
inertia of the CHD radical are found to be: /(CD,) 
em.? and J(CHD) 5-247 
gin. em.?. In the latter case, the figure axis 
inclines slightly from the y-axis of the co ordinate 
system. The comparison shown in Table 2 indicates 
that neither the measured distance (1-071 A.) nor 
the predicted value (1-105 A.) is satisfactory. It ean 
also be seen that a carbon hydrogen distance of 
1-095 A. yields (CHD) —5-252 x 10-* gm. xem.’, 
which checks the experimental value. However, the 
results rest on the assumption that the experimentally 
determined rotation are correct. Unless 
the two radicals under discussion show some extra 
ordinary electron configurations, It 1s expected that 
the present prediction and final experiment must 
ultimately agree. No detailed ealeulations have been 
made for the methyl radical 


also be 


7 prin. 
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Polarographic Determination of Vanillin 


Various physico-chemical and chemical methods 
have been used for the determination of vanillin. 


Of the volumetric methods', the oxime method 
has been modified in many ways, whereby either the 
quantity of the hydrochloric acid set free in the 
reaction of hydroxylamine hydrochloride with 
vanillin, or the quantity of the unreacted hydroxyl- 
amine, is titrated visually or potentiometrically. 
Colorimetric methods are based on the slight reducing 
capacity of phenols’, the polarographic methods*® on 
the reduction of the aldehydic group of vanillin. 

I have devised a new method for the determination 
of vanillin by utilizing the condensation of the 
aldehydie group with hydroxylamine with formation 
of the oxime, according to the following scheme : 
NOH 


CH -O CH 


NH,OH 


OCH OCH, 


OH OH 


The resulting oxime is polarographically active. 
The condensation of the aldehydic group proceeds 
quantitatively and the resulting oxime is reduced 
at more positive potentials. The sensitivity of the 
method is twice that of the direct polarographic 
The well as the 


determination. condensation as 
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Condensation of vanillin with hydroxylamine Curve 
5 mi. 1 10° M vanillin 
phosphate buffer, pH 
M hydroxy!l- 
mercurous 
absc 


Fig. 
1: 5 ml. 0-1 M ammonium chloride + 
solution, from 1:30 V. Curve 2: 4 ml 
5 ml. 4 10 M vanillin solution + 1 ml. 1 
hydrochloride, trom V Saturated 
sulphate electrode ity 1:30,195 mV 


4 
senaitivi 


reduction of vanillin oxime proceed best in a phos. 
phate buffer of pH 5-9. Under these conditions, the 
height of the oxime wave is precisely double that of 
vanillin before condensation (Fig. 1). 

In phosphate buffer of pH 5-9, vanillin is reduced 
at a half-wave potential of 0-93 V. (sat. calomel 
electrode) in a single well-developed four-electron 
The dependence of the height of the oxime 
wave is a linear function of the concentration of 
vanillin. The wave shows a diffuse character, is easy 
to read and suitable for analytical use ‘ 

A detailed account of the reaction conditions and 
of the utilization of the method for the analysis of 
vanillin, both in the pure state and in foods, will be 


wave. 


deseribed elsewhere. 


Jikf DavipEK 
Department of Chemistry and 
Control of Food. 
Institute of Chemical Technology, 
Prague. 
Analyst, 76, 215 (1951). Bébme, H., and Winkler 
Untersuch. u Forsch 99, 22 (1954) Martin 
M.1 Kelly, K. L., and Green, M. V., J. Amer. Pharm. Axaoc 
Sei. Ed., 35, 220 (1940). Berka, A and Zy¥ka, J . Ceskoslor. farm 
6. 335 (1956); Chem. listy, 50, 131 (1956) 
? Wilson. J. B.. J. Assoc. Offic. Agric. Chemists, 25, 155 (1942) 
Englis, ID. T., and Manchester, N., Anal, Chem., 21, 591 (1949) 
> Winkel, A., and Proske, G., Ber. deut. chem. Ges 69, 1917 (1936) 
Srdi¢ka. R.,. Cas. ces. lékdrnictra, pril., $8, 37 (1956) 


‘Sharp, L. K., 
Z. Lebensm 


Spectrophotometric Determination of the 
Electron Affinities of Some Diatomic 
Molecules 
THE purpose of this communication 18 to present 
a caleulation of the electron affinities of some mole- 
cules from charge transfer spectra. Mulliken’s' 
theory for a charge-transfer process leads to the 

expression 

Vmax. Ip A A (1) 
where hvmax. is the energy corresponding to the 
most probable electronic transition, /p and /4 are 


the vertical ionization potential of the electron 
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‘lonor and the vertical electron affinity of the electron mitme oxide im alcohols'* were observed The con 

acceptor \ represents the stabilization tinuous bands were assigned to charge transfer 

vo , ' ground-state, of the excited state n Spectra ' the oxvgen and nitric oxide molecules 

nuchear ‘onfiguration corresponding 1 hie acting as electron ac ceptors. The band onset energy 
ound ute This relation has been contirmes Avy, (arbitrarily chosen for - 10 litre mole em 

e senes of various donors with one ace | Was used for the specification of the transition energy 


amd for serves of a particular donor with vi It is assumed that the vibrational broadening ts 


tors! 
a ptor madependent of the electron ac ‘ptor This relation 
By using spectroscopic data for charge transfer is quite well fulfilled for the ry the I] 
one electron donor to various electron ace eptor- complexes The energetic data for oxygen and nitri 


aroriat 


ectron affinities of these acceptors may be oxide complexes are presented in Table 
ated, provided that one absolute valu Using the value of J 12 we obtain Eo Fi; 
known It is assumed that the valu keal. and yg 20 keal 
tf A is independent of the nature of the « \ recent theoretical estimation of the equilibrivw 
receptor? Thus, equation 1) leads to the relation electron affinity of 10 a much lowe? 
} } value of 3-5 keal. However. 
The magnitude of the vertieal electron affinities from charge transfer spectr 


of molecular halogens have not yet been established 


with the equilibriun eleetron i oxvgen 


estimates thermochen 
Electron attachment experi 
yperimental results for the absorption spectra of 
indicate that the electron affinits 
atom and aromati hvdrocarbon comple ves 


Table 1 


positive 


ELECTRON APPINITIES OF ak Hal 
OM CHARGE TRANSFER SPROTRA OF BENZENE 


Department of Physical Chet 
The Hebrew University. 


Jerusalem 


Wave-k amd Hildebran 


The lower limit for the equilibrium values of the 


electron affinities of the homonuclear roleeules 
\ can be obtained from the relation 

> hy Dx, (3 

I, Chem, So 

whe re Dx, Is the cdlissociation energy oft the molecule u and Seot J 
The values obtained for the vertical eleetron affinities Psubomura, H., and Mulliken 
ot the halogens are smaller than the lower limits for 
| ae (As the stabilization energy of the excited state 
of the atonue rodine complex may be slightly higher 
compared with the corresponding state of the molecu 
lar rodine complex, the data of Table L present the BIOCHEMISTR 
lower limits for the vertical electron affinities of the Y 
halogen molecules rhe vertical electron affinity of [, 
In OND ected to be lower than the corresponding equilt Structure of Collagen 
However, our results indicate that \ rripce helical structure for collagen with two 
in the benzene-iodime complex the repulsive part of systematic hydrogen bonds for every three residues 
[, curve does not cross the L, curve at its minimum, was put forward from this laboratory in 1955 '. This 


briurm value! 


as was indicated by the results of the dissociative structure was eriticized by Rich and Crick? on the 
attachments of the electrons in free 1odine!” basis of a few short interatonue contacts oceurring 

The same method was appled for the evaluation in it; they suggested that only structures with one 
of the eleetron affinities of oxygen and of nitric hvdrogen bond for every three residues will be free 
once Ultra-violet absorption spectra of oxvgen of bad contacts Reeently, 1 have examined the 
in aromatic and aliphatic hydrocarbons ‘and of whole question carefully, and it has been found that 


APFINITIES © 


wtha given in m Energetic data in keal 


+ 
190 
= 
ita 
mts mk mitre oxide 
of this moleeute 
J JORTNER 
istry 
ept A Fa refs. vious est 
and 9 nat 
| 495 1-6 4 
ref ref. Mulliken, R.S., J. Amer. Che 74, ae 
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(ref. 7 Forster, R.. Nature, 181, 337 (1958 4 
‘ 33 Strong, R. L.. Rand, 8. J.. and Britt, A Ame 
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itis possible to build up a two borides cTure (two 


three 
all contacts within permissible values 


hydrogen bonds for residues) While retaming 


This has been 
possible mainly because a study of the observed 


mteratonuc contacts in 
that 
oceur which are much shorter than those mentioned 
by Rich and Crick*, namely, C. . . ¢ 36-404 


and ¢ 3-2 3-4 A. In fact. if Rich and Crick’s 


Various 
contact 


reported organic 


structures showed distances actually 


eriteria were adopted, some of the accepted structures 


like the 2-helix will become unaeceptable. Secondly 
relation the NH 0 
and the infra-red frequency 
showed that the observed frequency (Ramachandran, 
(;. N.. Sasisekharan, V.. and Thathachari, Y. T 

iblished highet 


th that 


The between 


hvdrogen bond distance 


which m 
should 
The 


work) in collagen, 
in other 


he 


minor helix 


an observed proteins, corre 


3A 
the « 


order of 
ot 

determined hee 

height 


number of 


to a value of 1 actual 


Spore 
paranieters he 


ire have been re 


residue and 
the 


ONSequence, 


value of 
thi 


rathe tor residues 


the tw 


As a 


n the triple helical structure 


st 


she 


for 


ile 


three 
be 30 


per turn 
residues 


rather than 36 


On the sta 


out. 


results, a sat tory two 
worked 
in Table 1 The t 
formed, namely, 
the same type as in the earlier 
Ramachandran and Kartha 
of A and thehvdrogen 
than 30 The 
the 


all well 


basis of these 
and 
wo hydrogen 

and 


bonded structure has been its 


co-ordinates are given 
bonds 


N 


structure proposed by 


which 

).. are ot 
They are of the order 
bond 


distances, 


angles are less bond 


bond 
planarity of the amide group are 


primary 
from 
the 
Denoting the 


angles and viation 


within 


ranges observed in organic structures 


Band ¢ 


1) OWA 


three chamea by 
whit h 
CB 


satistactory 


the only short contacts 
C,(A 2-73 A 
(3) 
3-03 A and (5) 
Th? structure is th 


1 


oceur 


B 


are : 
(4 


= seen to be 


RDINATES 
THE PROPOSE! 
rdinates 
of the 


The 


two-bonded structure is found to be highly 


and satisfactory only coiled-coil 
structure with a twist close to 30) for three 
and is definitely unsatisfactory for twists of LO 


In lor a 
residues, 
and 
It is also satisfactory only for a residue-height 
close to 3-00 A, Thus, it is possible to expla stereo 
chemically why collagen occurs with the particular 
actually the 
tor obtained 


The mextensibility of the collagen 


structure 
the 


different 


found and why 


collagen 


parameters 


are sare from widely 


SOoOuTCes, 


NAT 


radical « 


LURE 


structure can also be explained on the basis of th 


sterie hindrance produced by the proline and hydros 
proline residues 
Although, When the se 


two 


uence yly-pro-hypro occurs 


bonds above 


cannot ‘ SVaten 


bye 


iatically, the 
noditied locally to ineor 


detatled 


structure can 
Phe 
eture 
Fourier of 


observat 


porate this sequencer co-ordinates for 
have also bes 
that 
new 
and its expected 


with the 


such a modified str worked out 
roned 
transtorimi ire 


in in pood 


agreement with 
red 
tions 
in the reg Ollagen 
two-bonded 


on, intra 


also consistent observa 


we would t that most of the residues 


a 


structure would take 
which Is highly 


mentioned that other type- 


eontipiuration, 
be 


of linkages such as est 


It should however 


er linkages and garoma-peptide 


linkages have been reported for collagen, but the 
iall that the 
is not likely to be affected by these 

We wish to thank Messrs. Y. T. Thathachari, B. RB 
Lakshmanan, Ramakrishnan, 


collaborated The 


number of these is so st 


whe also 


detailed results 


amd ( 
this 
are to be p iblished elsewhovre 
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Effect of Temperature on the Concentration 
of Free Radicals in Melanins from 
Allium cepa 
IN a 
presence 
that 


melanins present 


communication Wwe 
radicals iff 
Further investigations 
radicals 
in the black seed-coats. 


pre VIOUS 
of free 
cf par 


reported the 
of the 
have 
attributable 


the seeds onror 


show 
tree 


these are 


unit. 


relative 


J 


40 60 an 100 


Temperature (° C.) 
Variation with temperature 


in onton 


f free radical concentrat 
eds 
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4 
Time (days) 
lecay in liquid oxygen (seeds heated to 100° ¢ 
Batches of 10 similar seeds were kept ata specrfied 
temperature for 15 min. and then placed in the liquid 
oxygen surrounded cavity of & microwave spectro 
meter (125 ke./s. field modulation ; band model, 
with automatic locking of klystron frequency to 
that of the cavity) 
Fig. | shows the 
relative free-radical 


effect of 


concentration, 


Temperature on the 
there being a 
raarked increase in the seeds kept at 60° C. and above 

h wnal diminished im strength with t'me (the 
«ods bemg kopt im liquid oxygen throughout the 
experiment). The fall was quite rapid over the first 
3 hr. and slower thereafter. A sunilar effect of tem 
perature on the signal strength was found to oceur 
with with 
from seeds by refluxing with concentrated potassium 
hvadroxide Melanins extracted from such widely 
different sources as Calliphora adults, Rana tadpoles. 
human hair and dark-coated Dianthus 
harbatus, Delphinium sp. and Aesculus hippocastanum 
yave results essentially sumilar to those deseribed for 
Barley, marrow and French beans seeds 


d-coats alor or melanin extracted 


seeds of 


onion seeds 
without melanin in their seed coats gave no appre 
ciable signal. Ingram, Allen and Mason? have de 
scribed the presence of unpaired electrons in melanin 
extracted from Sepwa ink and Calliphora pupa. 
M. L. Epwarps 
G. A. KeRKU1 
K. A. Munpay 
Department of Physiology and Biochemistry, 
K. Leacnu 
Department of Electronics, 
University of Southampton 
Munday, K. A., Ingram 


Nature, 184, 1402 (1959 
and Allen, B 


Kerkut, G. A 


Adenosine Triphosphate- and Coenzyme 
A-dependent Decarboxylation of Oxalate 
by Extracts of Peas 


distribution of 


Desprre the wide oxalic acid m 
and its high concentration in certain tissues’, 


plants, 
Investigations 


very little is known of its metabolism 
plants indicate that the acid is either 


with whok 


metabolically mer’? or metabolized slowly to gly 
eollic acid’. Work with cell-free 
hand, has demonstrated that the 
oxidase is widely distributed in higher plants 


with 


extracts, on the other 
oxalate 
This 
enzyme has the 
particulate fraction’ of sugar beet leaves*®:* and roots? 


been shown to be associated 
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The following lence 
presence, in extracts 
of an enzyme system which eatalyses an adenosine 
triphosphate (ATP)- and {-dependent 
conversion of oxalate to formate anc carbon dioxide 


report for tlie 
of germinating pro cotyledons. 


provides 


COPTLZVING 


The enzyme system is associated with the supernatant 
fraction obtained after centrifugation of a homogenate 
at 10,0009 for 30 min., and does not require oxygen 
for activity. 

Pew were 
germinated in moist peat moss for five days. The 
cotyledons were homogenized with twice them weight 
of a solution containing 0°45 MV sucrose, 0-2 M tris 
buffer of pH 7-2, and 5 woty 
propanol, The homogenate was squeezed through 
cheese cloth, the filurate centrifuged at 1,200g for 7 
tnin., and the supernatant so obtained centrifuged at 
10,000g for 30 min. This supernatant was 
nsed as a source of the enzyme system. To demon 
erude supernatant 
V acetic acid and 


seeds (Pusum sativwm., vai Pelephone) 


le 


strate co-factor requirements, the 
was adjusted to pH 6-0 with | 
centrifuged at 10.0009 for LO min The clear super 
natant solution was brought to ,H 7-2 with 1 M 
potassium hydroxide, and dialysed for 3 hr. against 
O-OL M tris buffer at pH 7-2 All operations were 
carried out at 

Table L shows the co-factor requirements for the 
decarboxylation of oxalate-1,2-"C. The reaction was 
earried out in a conventional Warburg vessel, “CO, 
being absorbed by 0-2 mil. 20 cent) potassium 
hvdroxide in the centre well, After 30 min. incubation 
at 30° C., the reaction was stopped by tipping satura 
ted potassium bisulphate from the arm 
Carbon-14 labelled carbon dioxide was precipitated 
as barium carbonate and the counts’ min. determined 
with a Creiger Muller tube. The results demonstrate 
an absoluis requirement for ATP and coenzyme A. 
Omission of glutathione or magnesrum ions Causes a 
rate of decarboxylation 


per 


side 


significant decrease in the 
Omission of phosphate causes a slight stumulation in 
the rate, while omission of thiamine pyrophosphate 
has little effect. By treatment of the enzyme system 
with *‘Deacidite in the chloride form, it is possible 
to demonstrate a stimulation in the rate of decarboxvl 
ation by the addition of thianune pyrophosphate 


Co-FACTOR REQUIREMENTS FOR THE DECARBOXYLATION 


OF OXALATE-! 


Table 1 
‘CO, 
Components Counts/mit 
Complete 
Minus ATP 
coenzyme A 
glutathione 
thiamine pyrophosp! 
magnesium chloride 
phosphate 1,255 
mplete reaction mixture contained 1 oxalate-1,2-'* 
12,200 counta/min.): O45 ml. enzyme (approx. 5 mgm. protein 
100 ~moles phosphate buffer pH 7-2. 5 «moles glutathione; 0-1 amole 
pyrophosphate Ol wmole coenzyme A » emoles mag 
chloride 5 wamoles ATP Final volume 2-0 mil pH 7:2 


thiamine 
nesthim 

The stoichiometry of the 
strated by incubating 1-14 
100.000 counts /min.) with the enzyme system under 
the conditions shown in Fig. | At fixed times the 
reaction was stopped and “CO, was determined as 
deseribed here. Each reaction mixture then 
extracted continuously with ether for approximately 
20 hr., the ether extract so obtained evaporated to a 
small volume under a flow of ammonia gas, and the 
concentrated extract made up to a known volume 
An aliquot of each of the extracts was chromato 
graphed in 95 per cent ethanol concentrated ammonia, 
100-1 (viv)*. A radio-autograp!, of the chromatogram 


was demon 
oxalate. 


reaction 


snoles of 


was 


= 
© 
M. 
*Mason, H. Biochem 
Biophys., 86 
} 
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‘ 


Formation furmate-"*C during decarboxylation ol 
e-4(. To each reaction vessel was added 1-14 ples Oxalate 
n 1-0 ml. crude supernatant (approx 
es glutathione: O-1 gmole thiamine 
enzyme A; 5 smoles Magnesium 
ml. 20 per cent potassium hydroxide 
entional Warburg vessel. Final volum 
7 femperature, 30° 


(100,000 counts, n 


chloride; 10 emoles ATP 
in the centre well ofa 


shown in Fig. 1) illustrates that the decarboxylation 
4 is accompanied by the formation of a 


of oxalate 
radioactive compound migrating ahead of oxalate-*C 
compound was identified as formate-"C by (a 
two-dimensional co-chromatography with authentic 
formate, using 95 per cent ethanol concent rated 
ammonia, 100:1 (v/v)*, in the first dimension (Re. 0°37), 
and absolute ethanol, 16 per cent ethylamuine, 4: l(v/v)?°, 
0-65); (b) steam vola 
degradation to 


in the second dimension (Pp, 
tility under acid conditions; (¢) 
14°O, by mereuric acetate’’. 
Aliquots of the above oxtracts were assayed for 
formate-"C and oxalate-"C Formate-'"C was first 
estimated by degradation to MCO, mereuric 
Oxalate-"'C was then estimated by degrada 
This procedure was 


by 
acetate, 
tion to "CO, by ceric sulphate” 
quantitative 
using mixtures of authentic oxalate-"C and formate 
“uC. ‘The results shown in Table 2 demonstrate that 
the decarboxylation of each mole of oxalate-' 
the formation of one mole of formate." 


found to give satisfactory recoveries 


results in 
and one mole of MOO 


fable 2 OF OXALATHI 


Incubation 
time 
(min.) 


same as those described for Fig. 1. All samy les 
m carbonat Each figure represents the mean 
of two determinatio rhe maximum deviation from the mean was 


0-04 pmole 
. Bearer nt howed that t to 2 per cent of oxalate-'*¢ 
Separate expr is 5 wea at | 


‘onsistently to carbon-14 labelled carbon dioxide by 
etate Che error is not known exactly for each estimation 
presents a potential error less than the maximum 


yut in every Cast 


t 
deviation of 


It has not been possible to determine the stoichio 
metry of ATP in the reaction, since the enzyme 
ystem is quite erude, Coenzyme A is required only in 


catalytic quantitie 
On the basis of the above evidence, the following 


for decarboxylation of oxalate 1s suggested : 
Mg,"ATP 
oxalyl A 


scheme 


Oxalate coenzyme A 


Oxalyl cosnzyme A ( formyl coenzyme 4 


Formyl! coenzyme 4A - formate coenzyme A 
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The reaction sequence is similar to that demonstra 
ted by Jakoby et al? for extracts of Pseudomonas 
and by Quayle et al.'* for P 
However, in both these systeme 


grown oxalate, 
oxalaticus extracts. 
oxalate was not activated directly, but required cata 
Treatment 


on 


lytic quantities of acotate!® or succinal 
of the pea enzyme system with ‘Deacidite FF’ in the 
fluorids form failed to reveal a requirement for either 
acetate or succmate 
At present it is difficult to suggest a physiological 
role for this enzyme system in plants. The partici 
pation of ATP and coenzyme A suggests that the 
reaction may have some significance in the energetics 
of intermediary metabolism. 
Joun GIOVANELLI* 
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Carcinogenic Activity of Apocholic Acid 


THE production of cancer by bile acids is @ topic of 
far-reaching interest, because of the natural oceur 
rence and biosynthesis of these substances in the body 
and of their molecular structure, which places them 
in the biologically essential family of steroids In 
view of this, the two main bile acids, namely, cholic 
acid and deoxycholie acid, have often been tested for 
but results have so far been either 
negative or controversial. Thus, while both Ghiron', 
and Cook et al.2, were able to produce sarcomas in 
mice by subeutaneous myection of deoxycholic acid, 
Shear et al. recorded negative results with both cholic 
and deoxycholic acid and attributed the sarcomas 
described in the literature to the possible influence of 
the solvent used® ; more rece ntly Klein also reports 


carcinogenicity, 


negative results using the intramuscular route’. It 
was. therefore, evident that if these acids were car 
cinogenic, their activity was weak in degree and not 
constantly reproducible. 

This communication reports made 
with apocholie acid (11), a product of mild dehydra 
tion of cholic acid (1), and the results indicate a 
definite carcinogenic activity for this compound. 

Forty-two 3-month old male mice of strain XV// 
neiZ (Radium Institute) were given subcutaneous 
injections in the right flank (10 times with 10-day 
intervals between each injection) of 0-5 mgm. of 
apocholic acid dissolve d in 0-2 ¢.c. sterile neutralized 
Fourteen mice which died between the 
217th following the start of our 


expernments 


olive oil. 


120th and day 


Gos 

Fig. 
oxala 
1,2-*% 

ek. 

= A 
a 

= 

ad 

Biochem. J., 76 

Vala | Formate Os 
‘bee jecarbox ylated formed formed 
moles) (umoles) (amoles 
O14 0-12 0-10 
10 O25 0-20 
20 0-58 0-55 0-57 
30 0-73 O71 0-70 
60 1-09 111 
i 
x 
wa 

| 

— 

a 


CH, CH, 
OH “y xO 
CH, CH, | 
A > A. ~A 
| 
CH 
+ 
+ J + } 
\ periment showed no Tumour at the site of injection 
he first sarcoma to be observed + fe occurred on 
the 204th day, and the anunal died on the 227th day 
three other mice developed sarcomas on the 230th 
and 370th day, respective! 
Spontaneous sarcomas Of The soll part have 
wen observed in our stram of mice; nor could the 


exeipient be held responsible for the production of 
hes tumour everv vear since 1955 a control group 


some 40-60 mice are given LO injections of O-2 ¢. 


of the oil referred to above, and in sunilar conditions 
and out of a total of 350 animals thus treated (120 
of which survived over 500 days and 66 over 700 days 
one has ever shown @ tumour at the site of injeetion 
[t is worth mentioning that both deoxycholic and 
pocholic acid are powerful complexing and enolizing 
ayents piviny stable midition compounds (Ccholer 
acids with mumerous organic molecules, The 
present work adds experunental evidence to the 
proposition that certain steroids with an appropriat: 
wlecular structure are able to produce tumours ¢» 
fu®: it also lends support to the theory which 
postulates an ¢ nolization of prote ins through van der 
Waals forces as an carly step in certam mechanisms otf 


chemical carcmogenesis 
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Interaction of Proteins and Nucleotides 
in Buffered Aqueous Solutions 


\ NUMBER of reports have appeared in the literature 


m the binding of organic ions by proteins. Klotz and 
solvents on the binding of such ions and the nature 


iborsk\ have discussed the imfluence of various 


of the complexes which are formed Kakuliyva?’, 
<tudving the interaction otf proteims with electrolytes, 
noted a decreased rate of specifi conductivity and an 
increased pH when adenosine triphosphate (ATP) 
was added to a protein solution Tonomura and 
Morita® observed the binding o 


pyrophosphate by 
vosin 4 and myosin B 
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During the preparation of solutions contammg ATP 
and albumin, Katz (personal communication) noted 
the formation of a precipitate Since the solutions 
were not well buffered, we assured that the precipi- 
tate was due simply to the formation of an insoluble 
in-ionized salt similar to protein precipitates formed 
by the action of trichloroacetic or phosphotungst ‘ 
wid on aqueous solutions of proteims 

We have inve stigated this } recipitation of mucleo 
tides and proteins under rigorously controlled con 
ditions of pH and of nucleotide and protein conce 
tration and wish to report the results of our preln 
inary experiments 

In our first experiment the precipitation of albumin 
by ATP was investigated. All reactions were carried 
out in 7-0 ml. of MelIlwain buffer at the pH’s and 
concentrations shown in Table 1 All mmuixtures were 
centrifuged at 2.500 r.p.m The supernatants were 
analysed for protein by a modification of the biuret 


reaction® and for ATP by measuring the optica 
densitv at 260 mu in a Beckman DU” spectrophot« 
lable PRECIPITATION OF ALBUMIN BY ATP 
Alt ATP 
H ALP prec ated ipitat 
mgm.) 
l ’ 
40 4 hs 
77 
4 +0 
6 
+t 0 
4-0 5 2-6 
4-0) > 
‘ su (ree he 
40 


It may be seen from Table L that there is complete 
precipitation of albumin at pH 8s below the isoeleet ri 
point of the protein and virtually no precipitation at 
pH’s abote this point 

Similar investigations were carried out using 
lvsozvme. haemoglobin, and human globulins All 
these proteins were found to interact with ATP when 
the pH was on the acid side of the isoelectric point ot 
the protein, but not when it was on the alkaline side 
This could also be demonstrated when ATP was 
replaced by triphosphates of other purine or pyrinu 
dine ribosides, but not when the corresponding diphos- 
phates or monophosphates were used We are at 
present trying to establish the quantitative nature of 
these reactions. 

In another series of investigations the behaviou 
of the precipitate was examined. The precipitat: 
formed by ATP and albumin was centrifuged and 
redissolved in distilled water. It was then lyophilized 
and dissolved in 0-05 ionie strength veronal buffer. 
pH 8-6. Paper electrophoresis of this solution yielded 
a single spot, the mobility of which was the same as 
that of the original albumin from which the precipi 
tate was formed 

Similar results were obtained when albumin was 
replaced with hwemoglobin, lysozyme, and human 
vlobulins. In the case of lysozyme the enzymatic 
activity was found to be unaltered when the precipi- 
tate was redissolved. 

The ability of ATP to react with serum proteins 
was also examined To 0-5 ml. of human serum 
dialysed against isotonic saline, pH 4-6) was added a 
solution of ATP baffered at pH 4-6. The precipitate 
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ati lissolved in 


pH P 


spots vith mobilities 


al 


saline at 


as obtain centriluging 


alkaline electro 


SOTOTLIC “at r 
phoresis of this solution vielded 
equal to those of human globi s, but no spots vith 
the ot Paper eleetrophoresis of 
the supernatant of the orig 
ngle spot which migr 


S-6 and pu 


Select 


mobility albumin 
nal precipitate resulted in a 
with In 


in iat 


ve precipitation has been of i value as 
aol 
both those pres Ipitate 
solution. However, 
slterations occur when 
This 


separation 


alterations ot 


those 
sults imdicate 
ATP is 


t preparative t ause of possth 
the pr 
emaining in 


little. af 


our 
any. 
precipitating agent 
application in the 
is felt that 


transport and storag 


proteins 


iore, if this reaction may 


bearmg on the 
phospl ite compounds 
This work was supported in part by 
and Mrs. Winston S 
es A Christenson 
Vi 
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Electrophoretic Mobility of Cultured 

Mesodermal Tissue Cells 
that nadividual 


AMBROSE et al.’ have shown 


Tun il cells trom hameater kidney POrrers a 
cantly greater electrophoretic mobility than normal 
kidney Later, VPurdom ef 
obtamed a correlation between the development of a 
sarcoma and the progressive increase in the 
rative electrophoretic mobility of individual cells 

this at various of its 
As the tumour cell acquired more 
evineed by the formation of 


homologous cells al 
Lise 
obtaimed from 
development 
wlignant properties, 
early metastases, the negative eleetrophoretic mobility 


stages 


of individual cells was observed to have increased 

Reve ntly, Ben-Or et observed that the 
phoretic mobility of individual cells fron: adult rat 
liver during regeneration was appreciably greater than 
that of homologous non-regenerating liver cells. They 
ruggested that the raised electrophoretic mobility of 
general 


electro 


the former was an expression of growth in 
rather than of malignancy in partieular 

We have found that mouse fibroblasts cultured by 
conventional methods from embryonie tissue, mouse 
subeutaneous fibroblasts! strain 1, clone 929 (obtained 
from Mrs. A. A. Newton, Department of Biochemistry, 
The University, Cambridge) and fibroblasts eultured 
trom the hearts of adult reproducible 
nueroeles trophoretic mobilities, which the same 
fibroblast freed from the either 
mechanically (policemen) or enzymically (trypsim). 

The ‘ mbrvonic tibroblasts a mobility 
significantly greater than the adult fibroblasts, with 
the /-strain fibroblasts exhibiting an intermediate 
electrophoretic mobility (Table 1). 

All tissue cells were prepared for 
phoresis by the procedure used for human erythro 


cytes The 


mice show 
are 


‘ nltures 


for 


pe 


ucroeleetro 


eleet rophoretie mobility 
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on the cells a eylindrical microelect 
deseribe 


chan 0:1 

rmination wars based 
hundred madividual cell 
the electrophoret 
of cells 
to another. Human er 
145M aqueo 


a references 


phoresis 
previously 
the 
No appreciable 
mobility of imdividual 
from ilture 
throcytes washed the 
sodium chloride system wer 
standard? 

The 1 


migration Of mut one 
divergence in 
batches has 


obese ry d one ¢ 
as 


tro 


derived 
Karle’s strain / 
which produced (341 
strain mice, can probably be considered to be malig 
strain may diffe: 


originally 
treated 
injection 


strain tibroblasts, 
20-methvicholanthren 


on into 


sarcomata 


nant. However, sub-lines of the L 
from the original in a number of Ways, &s 
during the long period sinee the 
initial cloning’. Any direct comparisons between the 
L-strain and the and adult tibroblast- 
(cultured only for about 100 hr.) may be misleading 
The L strain, how ever, does exhibit an electrophoretic 
mobility greater than that of the adult fibroblasts i 
Though ans 


a result of 


transformations 


keeping with the observations in ref. 1. 
electrophoretic mobility measurements made on tissie 
cells after washing and removal from a natural or a 
eulture be viewed with eaution wu 
relation to the behavio ir an wero, it 18 probably per 
missible to compare the mobility of the adult and 
embryonic fibroblasts cultured tn vitro (Table 1) 
The higher of 
embryonic fibroblasts as compared with the adult 
fibroblasts support the views expressed m ref. 3 \ 
mobility is therefore probabl 
associated with growth in general and thus it is 
simply the higher net negative electrokinetic charge 
faetor 


medium must 


electrophoretic mobilities thir 


raised ‘ ke ‘ trophore ti 
not 


of malignant cells which is the significant 
their invasiveness 
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Identification of 
20:-Hydroxy-pregn-4-ene-3-one in Luteal 
Tissue from Pregnant Whales 


UsinG biological methods of assay, several authors 


have reported gestogen activity in extracts of whale 


corpora lutea'-*. Prelog and Meister® were the first 


to 1solate progesterone from this source by a chemica 


per 100 gr 


method and reported amounts of 3 


Tissue In addition to progesterone the biologically 


x M at 37-0 + 0 we 
tibroblast- ro-s0 Oss + OU 
» 
limit 
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ie University of the 
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nactive ol-20-one was also found 


These two substances seem to be the only Rteroids 


oa-pregnane- 3's 


eolated from the reproductive organs of the whale 
either 203-hyvdroxy-pregn-4-ene-3 
one, or both. have been shown recently to be naturally 


Since 20x or 


occurrmg gestogens im several mammalian species, it 


eed of mterest to make a search for there com 


the 


In th nvestigation a 


pounds whale as well 


combination of chromato 
and ctrophot ome tre methods was applied 
to extrac of luteal tissue from pregnant fin-whales 
Balaenoptera physialus L.). The tissues were collected 
n the Antaretic and ke yet frozen until processed 
Portions of tissue were homogenized and extracted 
with ethanol ‘ethyl ether (3: 1 After removal of fatty 
aterial by repeated precipitations in cold 70 per cent 
solution was shaken with 


methanol, the methanolic 


three times it ot petrolerun ether (boiling 
point 40-60° ¢ and collected 
was then extracted with five 


70 per cent me thanol, the pooled extracts « vaporate a. 


The petrolewn ether 
additional voluwnes of 


vohume of absolute 
methanol and chromatographed on paper. Evapora 
below 60° © 
per 
(SVastem 
Zaffaroni 


the residue taken wp in a small 


ions were made at reduced pressure 
For the liyrom—sS0 
methanol svstem of Zander and Sinmer* 
and the heptane formamide 


chromatography cent 


evetem of 


were u ed. 


cle tected by 


photography of chromatograms using light of 253 mu 


Three compounds were easily contact 
Their ultra-violet absorption spectra in methanol with 
a distinct maximum at 240 mu and the positive soda 
fluorescence reactions indicated the presence of the 
A'-3-keto-grouping in the steroid molecule. After 
rechromatography in system 1, one compound moved 
like progesterone. It was present in large amounts, 
and its infra-red absorption spectrum was shown to be 
The second com 
pound showed like 
203-hydroxy-pregn-4-ene-3-one in both system 1 and 


Me re 


wats 


identical with that of progesterone, 
chromatographic behaviour 
2. both as the free and acetylated compound 

maternal wa processed, and the 
isolated in quantities sufficient for registration of the 


substance 


infra-red absorption speetriun, which was found to be 
identical with that of the authentic 204-hydroxy 
pregn-4-ene-3-one. 

The third substance chromatographically 
similar to 20«-hydroxy-pregn-4-ene-3-one in both 
the free and acevylated form in system 1. However, 
in system 2 it moved faster than this substance, both 
and acetylated. Moreover, it showed a negative 
reaction to the iodine test, which is considered to be 
rather specific for the 20x-grouping. The identity of 
this substance remains to be established. 

From the observations reported, it 
conclude that hoth progest« rone as well 
hydroxy-pregn-4-ene-3-one are naturally oceurring 
the whale This corre sponds to those 

while in man 
compounds are 


was 


fres« 


seems safe to 
as 204 


gestogens in 
found in the horse? and 
both the and 203-hydroxy 
present im addition to proge sterone® In rat ovarian 
tissue 20a2-hydroxy-pregn-4-ene-3-one and 
terone have recently been found to be reversibly 


the cow", 


} 


interrelated'®, 
enzymes in gestogen metabolism therefore seem to 
oceur. The observations reported here for the whale 
add to our knowledge about such variations. 

We are indebted to Prof Jonsgard., Uni- 
versity of Oslo, for his aid in obtaining material 
from whales, to Prof. W Kiyne, London. for 
generous gifts of reference compounds, and to S. 
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Veize, chemical engineer, AB Leo, Halsingborg, 
Sweden, for recording and interpretation of infra-red 
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Antibodies blocking Neutralization of 
Penicillinase by the Homologous 
Antiserum 


IMMUNIZATION Of rabbits with puritied exopenicillin- 


ase of Bacillus cereus results in the appearance of 
antibodies which neutralize approximately 90 
cent of the activity of the enzyme! The present 
communication describes the preparation and some 


of the properties of neutralization-blocking antibodies, 


per 


evoked by myection ot pencil producing cells. 
Immune serum contaming neutralization 
antibodies will be referred to as ‘blocking antiserum’. 

The strains of 2. cereus used in this work were the 
wild-strain 569, which forms penicillinase following 
mduction with penicillm, and the mutant-stram 
569/H, derived from strain 569, which torms penieilin 
ase constitutively 

Neutralizing antiserum was 
ing rabbits with a highly purified preparation of 
exopenicillmase produced by strain 569/H of B 
cereus®, 20 mgm. of the enzyme were administered 
with Freund's adjuvant in 3 intramuscular injections 
at 10-day intervals. 

Blocking antiserwn was prepared by inununizing 
rabbits with mtact cells of B. cereus 569/H. The cells 
were collected from a 12-hr. old broth culture, washed 
with, and resuspended im, physiological salme. The 
immunization consisted of 7 subcutaneous injections 
over a period of 40 days. Each dose contained 100 
mgm. bacterial dry weight. 

Absorption of antibodies was carried out by mixing 
equal volumes of sera and packed bacterial cells and 
The mixture was kept 
were removed by 


blow king 


prepared by immuniz 


incubating for 2 hr. at 37° C 
for 20 hr. at 4° C. before 
centrifuging. 

The effect of the blocking antisenun 
action of penicillinase with the neutralizing antiserum 
was assayed in the following way. 0-2 ml. aliquots of 
a purified penicillinase preparation (575 units/ml.) 
were incubated (30 min. at 28° C.) with 0-2 ml. of 
the appropriate dilutions of the blocking antiseriun. 
\ quantity of neutralizing antiserum m excess of that 
required for maximal neutralization (1.000 neutraliza 
tion units in 0-2 ml.) was added and the mixture 
incubated for another 30 min. Norma! rabbit serum 
replaced blocking antiserum, neutralizmg antiserum 
or both in the respective control tubes. The activity 
assaved by the iodometric 


ceils 


on the inter- 


of penicillmase was 


method‘. 


| 
185). 
$2, 2455 (1949 Ry 
7 Short 
* Gorski, J 
* Zander, J 4 M and N 
RK J 
Wiest, W 
ney, 
rime 
ar 
. 
| 
‘ 
ks 


June 10. 1961] 


4789 


activity (units/ml) 


cillinase 


4 
Antiserum dilution 
Activity penicillinase incubated 
serum, following exposure to serial dilutions of 
serum The ‘blocking antiserum’ was treated as foliow- 
+--+ @, Absorbed with constitutive cells; , absorbed 
with induced cells ) ), absorbed with non-induced cells 
@. untreated 


iprocal log seak 
with neutralizing 


Fig. 1 
blocking anti 


The results, presenied im Fig l, are expressed ft 
residual enzyme activity followmg incubation with 
varying dilutions of the blocking antiserum and 
excess of neutralizing antiserum. Also shown in 
Fig. 1 is the effeet of absorption of the blockmg 
antiserum by the (569 cell 
sion, and by both induced (that 13, penicillinase form- 
ing) and non-induced cells of the parent strain 569. 

It will be noted that the undiluted non-absorbed 
blocking antiserum interferes strongly with inhibition 
of penicillinase by the neutralizing antiserum. The 
inhibition decreases as the blocking antiserum is 
diluted. Blocking antibodies are removed largely by 
absorption with the homologous and, 10 a 
lesser extent, by absorption with induced 569 cells. 
Absorption with non-induced 569 cells has no effeet 
on the blockmg titre of the antiserum 

Che blockmg antiserum agglutinates cells of the 
constituiive (569 H) stram and, to a lesser degree, 
induced cells of the adaptive strain 569. The agglutin- 
ating titre for non-induced cells is very low. Thus the 
susceptibility to agglutination by the blocking anti- 
serum appears to be related to the level of penicillin- 
ase formed by the cell. A similar correlation has 
been found im cross-absorption experiments. Absorp- 
tion of the antiserum with constitutive cells resulted 
in complete removal of agglutinms, whereas absorp- 
tion with non-induced cells had no effect on the titre 
of agglutination of constitutive cells. Induction of 
penicillinase imparted to the adaptive cells a limited 
ability to absorb agglutinins. The results are sum- 
marized in Table 1 

The close correlation between the blocking and 
agglutinating properties of the antiserum suggests 
that both activities may be due to a single species of 
antibody, directed to cell-bound penicillinase 


homologous suspen 


cells, 
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Table 1 THE “BLOCKING ANTISERUM’ 


Cell suspension agglutinated 


Serum absorbed with Constitutive Induced Non-induced 


(a) Constitutive cells 

(bh) Induced cells 1 440 
(c) Non-induced cells 1: 1.280 
d) Not absorbed 1: 1.280 


A difference in the immunological response to 
cell-bound and to extracellular penicillinase was to be 
expected on the basis of established antigenic 
differences between the two states of the enzyme. 

Quite apart from the structural the 
bound and free forms of bacterial penicillinase, the 
present observations may bear on the problem of a 
The acquired resistance 


aspects of 


rive resistance to penicillin. 
to penicillin of clinically important micro-organisms 
depends in most cases on their ability to form penicil 
lmase*®. Formation of panicillinase-neutralizing anti 
bedies could thus be regarded as a specific component 
of the acquired defence mechanism of the host. 
Modification of the host response, along the lines 
described, might have a distinct survival value for the 
infecting agent. 

This work was supported by a grant from the 
U.S. Public Health Service (/-3097) 
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Effect of Temperature on the Retinal 
Slow Potential of the Horseshoe Crab 


IN a previous paper! we indicated that the retinal 
slow potential, a generator potential, of the horseshoe 
crab (Tachypleus tridentatus) decreased in its ampli 
tude as the time in darkness before illumination is 
reduced, even if stunuli of equal intensity and dura- 
tion were applied. This depressive effect of the short 
time-interval is compatible with the ‘depression’? or 
‘refractoriness’? of the receptor potential of the 
Pacinian corpuscles. It was found that the grade of 
depression’ as well as the amplitude of the retinal 
slow potential is affected by changes in temperature, 
though the resting potential seems to be little 
influenced. 

The retinal slow potentials were recorded intra- 
cellulatly from single ommatidia of the horseshoe 
crab by the same procedure as that described by 
another author’, The temperature of the bathing 
solution could be varied between 6° C. and 23° C. by 
controlling the inflow of the cold or warm oxygenated 
physiological solution for the horseshoe erab® or 
sea-water which was stored in a cylinder, and was 
measured by employing a thermocouple which was 
placed by the preparation. 

The records illustrated in Fig. 1 are responses 
obtained after 60 (column A) and 15 (cohumn B) see. 
in darkness at various temperatures. As shown in 
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1. differences im the shape o slow potential 
iti darkness il 
In addition, the 


decreased 


its nation were 


also found at different temperatures 
eparation of the initial maximal and the 
clearer im 


high 


n darkness or at 


istained depolarization, which is usually 


The responses obtamed by of 


ntensityv and after a shorter tine 
became madistinet at low tempera 
land #3) as the result of the 
jongation of the falling of the imitial maximal 


flashes 


to obtain sunple responses 


gh tenmperature 
re (records 3 in columm 
iepolarization In most other 
short 
additional decreased depolarization were 
the m 
of the slow potential easier 
coefticvent of th 
depolarization of the 
ich larger than that reported in the propagated 
uscle’? fibres Its P10 
3 to 5 m the 
obtained darkness It 
hould be mentioned that the temperature coefficient 
of the duration of the rising phase was larger than 
that of the falling phase, being negative On the 
other hand, the t« mperature eo flicrent of the ampli 


tude of the potential generated by the retinal 


rimients, 
shich are enough 
vithout any 


applied to miake easurement of the falling phase 
politcacte of the 


Was 


Phe temperatur 


slow 


axial potential 


ion potential of nerve® and n 


as positive and ranged fron about 


after 60) se« in 


spike 
~lOow pote ntial was negatiy #s it is in the yiant axon 
of the squid* 

Phe records of the 


the Temperature 


of Fig. | were taken 
been raised once more to 


bottom row 
had 


the top records The amplitudes of the slow 


potentials were both smaller than thei imoitial figures 


Chis after-effect of cooling was often observed under 
which 


ir ¢ 


our expermental conditions im temperature 
anc 
due 


potential 


te ‘ 


was lowered at the rate of 
it} C.mim. Thi 


the membrane 


abo mun... 


aised at abo seems not to be 
to the depolarization 
sine« 17? could 


durimyg the appear 


without any 


temperature run 


sagnificant change in The resting poten 
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efttect 


Temperature is 


tial in Thus the afte can 
explained by saving that 


changed it takes time for the 


Cases 
when the 
new funetional level to 
establish itselt 

These effects of temperature on the 
indicate that 
involved in the generation of the retinal slow potential, 
Fuortes*®. A detailed 


electrical 


slow potential 
SOTHO chemical pProcesse are probably 
one of thern being suggested by 
report on the effect of temperature on the 
activity of the sensory cell in the lateral eye of the 
horseshor rab is being prepare d for mublieation 
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Binding of Calcium lons by the Aorta 


aorta has an 
Chis 


stab 


Previous work! has shown that the 
inherent ability 


binding in turn had a marked influence 


to bind ealeium ions « tro 
on the 
Phe distribu 


ity mulsions, Causing Ipitation 
characterist ies the 

that 
binding, 
Because of the importance 


sohbibility 
vested 


tion and 


substance sug collagen was respon- 
sible for the 
bilities were recognized 
attributed to binding of caletum ions by the aorta m 
plaque formation', further work is reported here to 


add to the information concerning the identity of the 


ealenumn although other 


DORS! 


binding agent(s his was accomplished by noting 
the effeet of various 
cedures on the aortic 
labelled with calenun-45 
autoradiographically. 
All expernnents 
thoracic aortas of adult males 
as described previously’, and used in the form of 
pieces 6 em.* in order to conserve material. Following 
decalcification with ethylenediaminetstraacetate at 
pH 7-2 in the cold and subsequent washing and 
extraction with acetone -petroleum ether', the strips 
with the appropriate 
They were then 


extractive pro 
chloride 


followed 


and 
binding of caleium 
which eould be 
conducted with human 
These were prepared 


were 


incubated overnight 
enzyme at 37 (. at optional pH 
washed free of enzyme, and incubated overnight with 
3-4 ue. labelled caleium chloride in sealed vials. After 
washing and drying, the strips were exposed to dental 
film for 17 hr. within a plastic cassette. Conditions 
for radioautography were strictly ¢ ontrolled to permit 
control strips which were 
All experiments were repeated 
Summarized in Table | 


were 


comparison with not 
enzymatically treated. 
at least twice and in duplicate 
are the results of various treatments on the calcium 
binding of the aorta. In all cases the physical appear 
ance of the aorta strip remained intact following the 
experimental procedure 

These results indicate that several factors may be 
1orta These 
the faet that 


responsible for calerum-binding by the 


are protein in nature as made ey ident by 
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Marked 
Complete 
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ulphate with 
Marked enhanceme: 
are completely elimmated by trypsin digestion. 
present evidence would indicate that the factors 
hyaluronic aeid, but 
probably an insoluble protein-phospholipid complex 
Phospholipids, in particular the sphingomyelins, have 
reported 1O increase in atherosclerotic aortas 
Che 
carbonate 


are mot elastin or collagen. 


extraction with potassium ehloride -potassium 
inhibitor of the 


properties of a 


appears To an 


ealcuun binding which has the 


chondroitin sulphate 
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Effects of Certain Androgenic Steroids 
on the Increase of Endometrial Carbonic 
Anhydrase caused by Progesterone 


Lutwak 


cestrogen- 


ly has previously been demonstrated by 
Mann!’ result of treatment of 
primed rabbits with methyltestosterone, an appree! 
increase in’ endometrial anhydrase 
and that when methyvltestosterone and 
were methyl- 


that, as a 
able carbonic 
oceurred, 
progesterone simultaneously, 
Testosterone appeare dto prevent the activating effect 
the endometrial enzyme rhe 
present investigation dealt with the question of how 
affect the endometrial 

To progesterone The 
tested methvlitestosterone, 
androsten-3. 


piven 
ot progesterone on 


androgenic steroids 
anhydrase 


steroids 


othe 
carbonic response 
were 
androstenedione androstanolone, A 
173-diol and stigmastero! 


following 


nature 
5 kgm. at 
Following 


All experiments were performed on 
albino rabbits, weighing approximately | 
the the 
Clauberg’s method?, the rabbits were injected sub 


ot oestradiol for 


beginning of experunents 
cutaneously once daily with 5 
After this period, progesterone and androgen 
were given simultaneously in five divided doses at 
daily intervals by injection into the 
neck of the animal. The standard dose of progesterone 
the androgen varied as 
On the second day after the last 

breaking the 
The uterl were 


six days 
subcutaneous 
and doses 
ndicated in Table 1. 
injection, the rabbits were killed by 


neck and cutting the carotid artery 
The endometrium 


was 2-0 


rolated and rmsed with cold salime 
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distilled 
and the 
determination of 


ane with eold 
homogenate was centrifuged 
used for the 
The enzyme activity of the extract 
Was modifying the 
Philpot and Philpot method*, one enzyme unit bemg 
defined as (7 l’)/T, where ‘T,’ 
without enzyme and T is the same with enzyme 
As can be Table 1, a 
progesterone marked nmerease in the activity 


clissected homogenized 
The 
supernatant 


nzyme activity 


Wats 
water, 
Wiis 


estimated colorimetrically by 


is the reaction time 


seen im dose of 2 mgm. of 


anhydrase. However, when 


various doses of androgen were given with 2 mgm, of 


of endometrial carbons 


progesterone, the combined effect of the two steroids 
on the « nzvine activation was rather lower than that 
In a dose of 
endometrial 
activity methyltesto- 
androstenedione and androstanolone, There 
difference the endometrial 


without androgen Percentage 


due to 2 


mgm. of progesterone alone 


mgm... considerable lowering of 


enzvinie was demonstrated in 
sterone., 
between 


Was sipnificant 


with and 
inhibition of carbonic anhydrase was 42 by methyl 
testosterone, 52 by and 49 by 
However, 0-02 mgm. of A® 
33.173-diol and stigmasterol were not so pronounced 


androstenedione 
androstanolone. androsten 
as the other androgens, an inhibition of 34 per cent 
each total of 0-2 proved 
exceedingly effective for the mhibition of the effeet 


bemy observed A 
of 2 ingm. of 
inhibition by A 
cent by stigmasterol, 


causing a 47 per cent 
and a 42 per 


proge sterone, 
androsten-33,17%-diol 

Phe androgens used caused a significant fall in the 
increased enzyme activity produced by progesterone 
that the ability is 
practically the same for methyltestosterone, andro 


It seers anti progestational 


but somewhat weaker 
33.173-diol and 


stenedione and androstanolone, 
than th others m  A®-androsten 
St igiiaste rol. 
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STEROIDS ON ENDOMETRIAL 
AUSED BY PROGESTERONE 


ANDROGENT 
INCREASE 


Table LEFECTS OF 
CARBUNIC ANHYDRASE 


content 
enzyne 
units um 
wet tissue) 


npared with gre 


= 
Treatment Effect on caleiur 
binding 
Hyaluronidase®, bovine testes, 300 US.P. None 
inits/mgem. per 15 saline-acetate 
Elastase*®, 100 units’5 mg mil. saline 
Collagenase, 10° mgm./15 distilled 
ae i water, pH 7 Very slight reduction a 
4) Alkaline phosphatase, intestinal, 
Bodansky unit. 15 ml. eduction 
[rypsin, twice crystallized, 10 mgm 
ey 15 ml. distilled water, pH 
‘ } t t Vv 

; 
de 

a 
| 
{ 
é 
Fels, I. G., Cire. Res., 7 = 
Me K.. Physiol. "4 Buck: 
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Carboni 
Dose of | Dose of 
Series of No. of pros lrogen 
Grow } rabbits terome mgm 
inimial 3 
Control 10 seasalit 24+3 
Progesterot 11 20 557 + 3H 
methyvitest 24) 447+ 30° 
sterone 
Progesterone 6 20 0 + 24 
0 67 + 31 
Progesterone 20 $58 + 37° 
tx Progesterone 24 500 4 34° 
38.17B-diol 
stigmasterol 5 377 + 68 
* P> 0-05 coup / 
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Effect of Allylisopropylacetamide on Liver 
Metabolism 


Tae administration of allylisopropylacetamide 
(AIA) causes porphobilinogenuria in rabbits, but it is 
not known whether this is caused by an increased 
synthesis of porphobilinogen (PBG) or a decreased 
utilization. PBG is synthesized in the liver via 5 
aminolevulinie acid (ALA) from glycine and acetate 
or suecmate and it seemed possible that a study of 
the effect of AIA on the metabolism of carbon-14 
labelled glycine, acetate and succinate by rabbit liver 
might throw a light on the problem 

Four male rabbits (2-5-3-0 kgm.) each received 
300 mgm. of ATA by stomach tube twice daily for 
The urine from each animal then contained 
about 14 mgm./100 mil. of porphobilinogen (24 mgm 
24 hr.) and 7-5 mgm./100 ml. of ALA (13 mgm. /24 
hr.). Four rabbits not treated with ALA were controls. 
The animals were killed, and chopped preparations® 
of the livers incubated with substrates labelled with 
carbon-14 as indicated in Table 1. The tissue was 
incubated for 3 hr. at 37° in air, killed and extracted 
with ethanol, and the extracts 
chromatographed in two dimensions using phenol 
water as the first solvent and »-butanol-propioni« 
acid-water as the second. Radioactive substances on 
the chromatograms were located by radioautography 
and counted directly on the paper with an end 
window counter®. The carbon-14 contained in each 
compound Was expressed as a percentage of the total 
carbon-14 in the cell extract 

There was a decreased total incorporation of the 
isotope into the soluble intermediaries. Nevertheless, 
with labelled acetate and substrates 
considerably more carbon-14 was present in glutamic 
acid in the AlA-treated animals compared with the 

this also true for alanine when 
sucemate was used as substrate. When 
succinic acid was the substrate, the radio 


days 


ethanol-aqueous 


euccinate as 


controls ; was 


labelled 
2: 
activity in glutamic acid and alanine was about twice 


as great in both groups of animals as with {1 4.140] 


Table 1. ToraL Ine 


Group of animals Coutrol 


Substrate 4 ‘ 1; 4-"“Cjsuccinate [2: 
019+ 005 
(O'12-0°31) 
A lanine ‘ 75 26+044 
(1 (1-4-3°4) 
1,700 + 280 
(1,100-2,300) 


Glutamie acid 


Total carbon-14 


Samples of rabbit liver (containing about 10 mgm. dry weight 
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ORPORATION AND DISTRIBUTION OF CARBON-14 IN ALANINE 


jsuccibate 


O39 +0°-10 
(0:30 -0-67) 
42+06 
(2-4-5°0) 
1,600 + 250 
(900—-2,000) 
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succinate as substrate (Table 1). This is to be expected 
if these two amino-acids were derived from suecinate 
Via the tricarboxylic acid cycle and transamination. 
No other obvious differences in distribution of 
carbon-14 were seen between the tissues from AIA 
treated and the control animals in the incorporation 


of carbon-14 into aspartic acid, glucose, proline, 


aminobutyric acid, valine, lactic, malic and fiumaric 


or citric acids. The lack of increased incorporation 
from labelled acetate and succinate into aspartate in 
the ALA-treated animals compared with the controls 
sugyests that there was no increased passage of carbon 
atoms from the keto-acids into the corresponding 
amino-acids derived from them by transamination 
The preferent ial of carbon-14 into 
the alanine and glutamic acid may indicate that there 
is an abnormality of the further metabolism of these 
anuno-acids in the AlA-treated animals, but it seems 
unhkely that this is directly related to the mechanism 
responsible for the porphobilinogenuria 

It was impossible to interpret the experiments 
using [2-'*C] glycine because the material decomposed 
to a variable extent during the purification and 
chromatographic procedures. 
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Inhibition of Emotional Reactions by 
Phenothiazine Tranquillizers 


PHENOTHIAZINE tranquillizers mbhibit conditioned 
responses of various laboratory animals. Since this 
action can be demonstrated by means of a great 
variety of methods, it is generally considered to be 
characteristie of these compounds. Some tranquilizers 
also dimimish ‘emotional reactions’'-*; Dut these 
effects have not been studied so much, mainly due to 
a lack of simple and adequate methods. Thus, 
views are still divided whether depression of the 
emotional reaction is @ primary effect or an effect 
secondary to the sedative action of such drugs*:*. Any 
new technical procedure which permits the study of 
the influence of a drug behaviour 
independent of its general depressive effect, therefore, 


on emotional 
appears interesting. 


AND GLUTAMIC AcID 


ATA-treated 


*C |succinate 2: 
O-73+0-17 
(0-50-1°2) 
46+067 
(2-8-—5-8) 


(40-74) 2 400) 


of tissue in a vol. of 0-25 ml.), derived from four contro! animals and from 


four animals treated with ALA, were incubated in air for 3 hr. at 37° with 5 uc. of either 1-01 ~moles [2-"*CJacetate, 0-46 umole [1:4-"C}succinate 


2: 3-"*C jsuceinate, 
mam. dry wt. of tissue. 
soluble metabolites. 


r 046 umole 
counte/min./25 
the sum of the 


rhe total carbon-14 incorporated into the sum of the soluble metabolic intermediates is expressed as 10-* x 
rhe radioactivity found in glutamic acid and alanine is expressed as a percentage of the total carbon-14 in 
All results are given as the mean of 4 observations + S_E. (range). 


or 
- 
Riochem. J., 76. 579 (1060 
2 
- 
jacetate 
{i 
20+3-7 
(13-27) 
52+ 0-67 
(0-1-7 
65+92 1 1,400 + 270 
(900—2,200) 
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the test, controls receiving 
Two phenothiazines were 
found in pre- 
vious studiest to possess an Opposite 
activity pattern: perphenazine and 
thioridazine. The results of these 
experiments are summarized in 
Fig 1. Rats pretreated with 
thioridazine (1 3 mgm./kgm.) 
perform the escape 
response correctly despite the dis- 
turbing light stimulus (78 + 7:2 
per cent and 88 + 1-9 per cent). 
Their reaction time is normalized 
slightly shorter than in 


before 
saline. 
selected which were 


and 
conditioned 


or even 


exposed to the light 
Thioridazine, therefore, 


rats not 


stimulus 


inhibits the disturbing influence 
of the light stimulus. Perphen- 


nore 
Thoridazine 


normal course of 
Thioridazine 


light stimulus prevents the 
inforeed procedure 
in this respect 


Fig. 1 An intense 
response in rats in a non-re 
nflnence. Perphenazine is ineffectiv 


f 


response 


Based on frequent observations that novel stimuli 
which elicit an emotional reaction in rats regularly 
interfere with the correct performance of a condit ioned 
response, the following test was devised: rats were 
trained to climb a vertical pole as soon as an 
acoustic signal (conditioned stimulus—tone of 
500 «./s.) was sounded. The animals could thus avoid 
an electric shock delivered 5 sec. later through the 
grilled floor of the eage (conditioned escape response)®. 
Each rat was trained daily for 10 successive trials 
with a l-min. interval between each trial. After an 
adequate training period, all rats performed the 
conditioned escape response correctly in 94 1-1 
per cent of all trials, the average reaction time being 
2-4 0-07 During the subsequent trials, an 
intense light stimulus (100 W.) was applied 2 
prior to each acoustic signal, This stimulus terminated 
simultaneously with the acoustic signal either at 
escape or after 5 that is, at the onset of the 
electric shock. The rats exposed to the light stimulus 
performed the conditioned escape response in only 
63 2-5 per cent of all trials with an average reaction 
time of 2-5 0-08 see. These results demonstrate 
that the light stimulus interferes partially with the 
conditioned escape response, Light stimulation 
elicited a higher degree of disturbance in @ non- 
reinforced procedure im which no electric shock was 
applied, that is, conditioned escape response in only 
37 2-4 per cent of all trials within 3-1 0-08 see. 
{In control trials without light stimulation, the con- 
ditioned escape response was performed in 95 0-9 
per cent of all non-reinforced trials with an average 
reaction time of 2-5 0-05 sec.) 

In the circumstances, it appeared more suitable 
to study drug action on this disturbing influence by 
means of the non-reinforced procedure. In order to 
avoid any accommodation to the interfering light 
stimulus, this test was carried out only once a week, 
reinforced training procedure being followed on the 
other days. Each group alternately underwent the 
non-reinforeed procedure alone and the non-reinforced 
procedure with prior light stimulation under drug 
therapy and saline. At least 20 trials in 10 rats were 
required to assess the action of one dose of drug. The 
compounds were administered subeutaneously 2 hr. 


sec, 


seC., 


002 005 O!mgige 


a conditioned escape 
inhibits this disturbing 
ther the 


but depresses fur 


azine, on the other hand, does not 
prevent the disturbing influence 
of the light stimulation; a minimal 
effect is noted with a low dose of 
0-05 mgm./kgm. (45 + 5-9 per cent), 
whereas higher (O-1 
kgm.) further depress the condi- 


Perphenazine 


conditioned 
doses mgm./ 
tioned escape response (19 + 3-3 per cent). 

It is generally assumed that an intense light stimu 
lation eheits an emotional response im rats®: such 
emotional reactions (confusion, stupor, anxiety, etc.) 
ean interfere with the normal operant behaviour of 
the animals’? or—as shown in these experuments with 
the performance of a conditioned response. The 
degree of depression of the motor behaviour serves 4s 
a measure of the extent of the emotional reaction 
The finding that the thioridazine-treated rats perform 
the conditioned escape response correctly despite the 
disturbing light stimulus points to a primary action 
of this drug on the emotional response. This anti- 
emotive property is apparently not due to general 
sedation, as it is demonstrable in doses which do not 
inhibit the conditioned response. On the other hand, 
perphenazine does not inhibit the emotional reaction. 
However, this compound further inhibits, in relatively 
low doses (0-1 mgm./kgm.), the conditioned escape 
response. 

These findings are in accord with those obtained in 
previous work*® when it was found that thiorid- 
azime depresses selectively emotional defecation and 
has relatively little effect on the conditioned escape 
response in rats, whereas perphenazine inhibits pre- 
dominantly the conditioned response and depresses 
emotional defecation only in higher doses. Appar 
ently, the depression of emot ional reactions on 
one hand. and inhibition of a conditioned escape 
response on the other, are, to a certain degree, two 
independent properties of the phenothiazine tran- 
quillizers. 
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Further Evidence for Phosphatidic Acid 
as the Sodium Carrier 

Were have 
of the avian salt 
Na 
phosphat idate 


presented evidence! ? before that 
Na’ carrie? 
The 


evele im 


acid acts as the n the membran 


glancl proposed scheme for 


which disodiu 


surtace of the 


transport mvolves @ 


formed at the inner 
membrane from cdighveertit 


ATP), and 2 Na 


adenosme triphosphat: 


and is hydrolysed to dighyeerice 


orthophosphate and 2 Na* near the outer surface of 
the membrane. One of the more tinportant questions 
vhich we would like to test in relation to this sche 

vhether the rate of renewal of phosphate in pho- 
cor patible with the « pected rate 
Na transter embran 

The tume-ecourser of the re Spornses in this tissue Can 
rive some inclieation as to whether this rate is cor 


patible with the proposed seheme Initially, albatross 


alt gland slices were ineubated for 90 min. in the 
presence of orthophosphate phosphorus 32: Various 
eoncentrations oft acetylcholine (plus eserinme) were 


then added to the mednuun. With each coneentration 
of acetyleholine, samples taken at 10-min. and 20-min 
ntervals after the addition of acetylcholine showed the 
amount of the phosphatidic 
acid with respect to the radioactivity of the orthophos 


the ATP) of the tissue (Table | The 


levelled off at different and successively 


radioactivity m 


(and 
raclioactivity 


phate 


higher values with imereasmg concentrations of 
acetvicholine The meorporation of phosphorus-32 
mto phosphaticlic acid Wales measured at shorter 


intervals of time after the addition of acetyleholme in 
goose salt gland slices After adcdition of acety lcholine 
the radioactivity ot the phosphatidic acd showed a 


rapid increase ; this radioactivity re ached a maxinun 
value 1-2 min. after the addition of acetylcholine to 
the medium, and then levelled off and maintained 
this same value relative to the specific activity of the 
precursor for the remainder of the y™ riod tested 
which was up to 20 min. after the addition of acetyl 
choline (Fig. | 


To test that the levelling off of the radioactivity in 
phosphatidic 
response to acetylcholine, albatross salt-gland slices 
imeubated with acetyvicholine MV 


V for “YO mon before addition oft phos 


acid was not due to a cessation of 


were plits 


phorus-32 to the medium; the shees were removed 
fror the inenbation bath 30 mun. after the addition 
CONCENTRATION ACRTYLOHOLI 
" ur 
neentrat per milligra 
4 ft 
) 
al 
hol 
add adele 
Vv 
‘wv 
V ] 
oo ‘ 
albat il ‘ ate ‘ 
with gl ma mi.) and phosphor rm bet 
tot nts pe i nt pr tidic a Z 
‘ eight of t i to a radioactivity of 10° e.p.m. 7 
wr fresh w gi atl for tr rthopt phate the t 
Ur © thease con na of pre-incubation the specific activit f 
min. acid hydrolvsable-phosphate of the ATP of the tissue was t! 
- that of th rthophosphate of the tissn The val 
given are the 


phosphatid 
x 
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4 
lime after t { Ic} 
hosphatidiec acid on addition of a l salt-glar 
rhe slices were incubated wit phate-ph 
rus-32 for approximately 2 hr. before tl n of ety 
holine (10 *.M) and eserine 1 ud 
sin Table 1 The experi Wa rried thr t a: i 
ach experin t slices from tt i ul ral incubated 
riplicate for wh point given is ¢t re 
iw f nine separate t at stromt 
samples to which acetyicholine was added 
incubated over a mparable time without the 
ev} 
ot phosphorus 32 Five times as much radioactivit 
was found in the phosphatidie acid from stimulated 
lices as compared with the controls. These results 


show that whatever mechanism 
the 
phosphatidic acid in re Sponse To acetvicholine, t} 

mechanism was still operating in response to acety! 


after 90 min. of this 


the esponsible for 


inh reased incorporation ot pho phorus 32 mito 


choline even exposure to 
agent 

Since the renewal of phosphate im phosphatidic acid 
in response to acetylcholine is taking place through 
out this time of exposure to acetylcholine, the mam 
tenance of a constant level of radiowetivity in the 
presence of a given concentration of acetylcholine 
must mean that a fraction of the phosphatidie acid 
ot the cell has reached equilibrium with the pores ursor 
ATP and that this fraction is turning over 
my mixing with the other phosphatidic acid of the 
The step wise activation in the presence of 


without 


increasing amounts of acetylcholine presumably 
indicates the presence im the membrane of receptor 
sites associated with the turnover of phosphatidic acid 
which have different threshold values for activation 
by acetylcholine 
When all the 
equilibration with its precursor 
activity of the activated phosphatidic acid fraction is 
the same as that of the ATP from which its phosphate 
is derived), it is not possible to caleulate the rate of 
rem wal of phosphate in the phosphatidic 
acid fraction. This could be very great. Theoretically 
the rate of renewal might be from the tine 
taken for the active fraction to reach equilibration 
with the ATP. However, in order for this to be related 
to the amount of Na* transported during this tine 


the measurement must be made under conditions it 


activated phosphatidic acid is im 


that is, the apeciti 


relevant 


obtaines 


which there is instantaneous and simultaneous activa 
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tion of all the sites which respond to a given concen 


tration of acetyicholime (pproxunate calculation» 
indieate that, under su h ideal conditions, equilibra 
tion would be expected to take place within a few 
seconds of activation. EXperime ntallv, however, these 
conditions cannot be achieved in salt gland slices. It 
the added acetylcholine 


and to activate all 


takes an appreciable tune tor 
to completely pe rmeate the slice 
the possible sites. Some lag in response can therefore 


be anti ipated in this type of experiment due to non 


evnehronous active i all the responsive sil 


In view of this, the fact that an activated fraction of 
the Specie 


the phosphatid ‘ 


its precursor mul ter the addition of 
tylcholine to 


ndicates that the rat 


relevant phosphat i" 


to account for Na 


which w have proposed 


wan vranis trom 


atone 


work 
areh ay dueational Foundation 
te ¢ Ne il 
\\ 
published im detail elsewhere 
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Impairment of Erythropoiesis by 
Irradiation 
that 


one humoral 


PHERI evidence erythropoies 


re ilated by at least factor, ery 
the chonueal eon position of which 


Invest ivations 


idered to be 
that this 
ti differentiation of primitive 


that of a glveoprotein® 


ndicate hormone maduces erythrocyte 
production by 
cells of the reticulun 

Cho ideal nature of the transfusion-induced poly 
stucies of erythropoiesis 


Recently 


evtheemue mouse tor 
was first demonstrated by Jacobson et al.3 
we have deseribed the orde! iv wave ol erythropoiesis 
which sweeps through the of sueh animals 
in response To a single injection of 
his communication records preliminary work on the 
impairment of this response produced bv total-body 
X-irradiation of plethorie nuce 
Virgin female ¢ F No. bt mice, 7 


were made polveythewmie by single intraperitoneal 


S weeks of age, 
injections of 1 ml. of packed red cells from retired 
breeder mice of the same strain given on Two consect 
tive days. Five days after the 
hematocrits averaged approximately 75 per cent, and 


second transfusion, 
the absence of reticuloevtes from the peripheral blood 
and of morphologically identifiable red cell precursors 
from bone marrow and spleen, indicated that ery 
thropoiesis was practi ally eliminated These mice 
now received varving doses of total-body X-irradia 
tion (250 kV., 30 m amp.. 
filter 1/4 mm. copper plus mm. aluminium). Within 
30 min. after completion of irradiation, animals were 


target distance 79% em., 


given a single subcutaneous injection of 6 uniis’ of 
erythropoietin dissolved im O°25 
which we have previously demonstrated will evoke 
maximal erythropoietic Two days after 
this injection (when concentration of normoblasts in 


the marrow and spleen is rising, and the first retieu- 


mil. saline, a dose 


responre®, 
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peripheral blood of 
received } are 
Four days 
withdrawn 


iron- 


appearing in the 


controls each annnal 
through the tail vein 
blood 


punet ure and the 
n newly formed peripheral red cells 


ron-o rate 
this 


Was 
by eardime 


ractiomron myection, 
percentage 
orporated 

shows the percentage radioiron incorporation 


and irradiated 


was deter 
Fig 


ith hie red 


of control animals 


ells 
a vertical logarithnuc scale Results are 


standard 


ploite 


oxpressed values deviation, 
and the number of animals in each group is md cated 
Although variation 
is great, particularly at the lower doses of radiation, 

ean values indicate that the re 


group can be predicted, and the s iIppressive 


n parenthesis within any gro ip 


ponse of a piven 
ettect of 
is clearly demonstrated, (Ina group ol 


cent, 


as little as 50 
receiving imcorporat on ot raciouron was 


oniv pel indicating alr complete 
pression of e1 ythroporesis 

While the suppressive effect of radiation on ery- 
thropoiesis has been clearly deseribed by previous 
authors*, these 
reporting because they deseribe a simple quantitative 


In addition, they suggest a 


preliminary results seem worth 
method of evaluatimg it. 
way ot investigating the sensitivity to irradiation of 
the stem cells in reve. Since erythropou SIS IBV irtually 
suspended in the hypertranstuse i mouse at the time 
of irradiation, it seems reasonable to attribute its 
SUPPTeSsiON, as measured by red cell iron-59 incorpora- 
tion. to the direct action of radiation on the undiffer- 
real cell although an 


mechanism may Decreased 


entiated precursors, indirect 


also be contributory. 
iron-o% incorporation by newly formed red cells is 
probably not primarily a reflexion of changes in the 
plasma iron level following irradiation, since we have 
recently demonstrated a high level of plasma iron in 
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hypertransfused rats, which, unlike the plasma iron in 
normal animals, in not further elevated followimy 
radiation (Gurney, C. W., and Taylor, K. T., unpub 
ished results). It must be stressed that only effective 
erythropoiesis is being measured, and future investi- 
nclude a study of the blood-forming 
the deg which 
damaged by irradiation undergo differentiation and 
then suce umb while 

In addition t 


ration must also 
to 


oryvans ree to stem cells 
still erythrocyte precursors 
» affording a means for the sin ple 
ive determination of irradiation damage and 
revovery of a population of cells, we believe this model 
offera possibilities for investigation into the nature 
and kinetics of the stem-cell compartment, and it is 
for there reasons that these preliminary observations 
are reported 

We are indebted to L. O 


of the problem and for 


SCTISS TOT) 


of the 


Jacobson for 
constructive er 


manuscript 


cow 
NANCY 


{rURNEY 

WACKMAN 

Argonne Cancer Research Hospitalt and Depart: ont 
of Medicine 


University 


Mark 


of Chicago. 
Mary 


Operated by 
Energy 


m and 


niernal Medi 
WwW Gurney 
nt P 


* Erslev, A 
* Filmanow 
1061) 


cGiraw-Hill 
Series 4 


Development of the Islets of Langerhans 
in Man 

heen published about the differen 

4 cells in the development of the 

The only the 


modern granule stains is that of 


VERY 


tration of the 


ha 


x and 


little 
islets im work 
thre 
Stoeckenius 


aun 


pancreatic nian sires 
mtroduction of 
fivtal 


etal 


(ba od twelve 


(ba ea 


Ferner and on 


pANcrease Schultze Jena? on 

The material for the 
fret 

wk 


present work was 36 pancreases 
weights ranging from 34 

full term 
matoxylin 


3.000 yn 


trom 
restation to 


stamed by Gomor! chrome-alum h 
phloxin method? and or by chrome-alum haematoxylin 
with trichrome counterstain 
Kleven pancreases from foetuses between 10-20 
wk It is the 


of particular, 
ack lv de 


C,omori one-stage 
were 
early months 


have not 


islets in these 


h 


gestation 
gestation, been 
seribed before 
Four stages are observed in the development of the 
overlap so that any one pancreas 
show islets in more than one stage 

(1 State of budding islets In the third gest 
month. clusters of islet-cells bud off from the duets 
Differentiated « and $ cells aro already present. The 
8 cells form a central cluster, around which ungranu 
lated islet-cells and occasional « cells are ranged 


islets. These will 


ational 
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(2) Bipolar stage. As the islets grow, the § cells 
become grouped at the tip of the islet farthest fron 
the duct, while the « cells form a calyx at the base ot 
the islet. The proportion of ungranulated cells 
diminishes. Islets in this bipolar phase are observed 
from the fifth to the eighth gestational month. 

(3) ‘Mantle-islet’ stage. The x cells at the base of the 
islets proliferate and grow right round the 6 
The islet now has a kerne! of 
x cells 


cells 
3 eells and a shell of 
ungramiulated cells still present 
among the a cells. 


Some are 

There is a good deal of overlapping between the 
bipolar and mantle-islet stages. Mantle-islets are seen 
as early as the fifth gestational month, and domin 
ate the picture from about the 
month. 

(4) Stage of mature islets. 
tional month onward, a few 
the « and % cells have the more-or-less haphazard 
distribution characteristic of the mature adult islet, 
although the majority are ‘mantle-islets’ right up to 
term and beyond. 

\ detailed account of this work 
graphs, will be reported elsewher 


sixth gestational 


From the eighth gesta 
islets can be found where 


th photomic ro 
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Serological Tests for Toxoplasmosis 


INTEREST im various serological 
plasmosis has increased 
and Lind', in preliminary 
recently flocs 
toxoplasma antigen adsorbed on 
They stated that 
experiments showed the existence of 
antigen The 
carried out m this Laboratory 

\ high-titre 


absorbed with toxoplastma-infected mouse peritonea 


tor oxo 
considerably in recent years 


Tests 


Sum ron, 


have lation test usmy 


to acry lie partic les 
preliminary results of absorption 
more than one 
followmyg 


Toxoplasma experiments 


ay be of interest. 


human antitoxoplasma serum was 


exudate at room temperature (20° ¢ This removed 
all the hvemagglutinating. 
ive test 


almost 


Reruin 


complement-fixing 
the 


¢ oated 


ant bodies 
with hus 


lineal 


\bsorption ot 
ian red 
n the hie 


overnight with 
magglautination 


od the 


est and complement 


toxoplasma antigen (as 
of and Lunde?) remo, 
glutinating antibody but the dyvet 
fixation antibodies were wnaftected 


Jacobs 


Test 


Control tests were set up using a normal human 
serum, absorbed with toxoplasima suspension, and a 
normal human serum absorbed with red cells coated 
with toxoplasma antiven This experunent excluded 
effects due to elution of soluble toxoplasma antigen 
Absorption of the antitoxoplasma serum with human 
unsensitized colls did not alter the titres of the dye, 
hemagglutinating or complement 
The are sumunarized in 
The results of this experiment 
HeLa culture toxoplasmia 
antigen to absorb a hyperimmune serum from another 


patient. The effect of using antigen 


fixing antibodies 
Table 1. 


were substantiated 


results 


by using a cell tissue 


a tissue culture 


= 
4 
Ator mmission 
Jac Gurney. W imd Goldwasser, |} 1 
* Jacobson, L. O., Goldwasser, VPizak. L. and Fr Ferner H is, W Z. tiiy Zeliforsch, u. Mii dna 
Soe. Exp. Biol. Med., 94 19 35, 17 
* Alpen, E. and Cranmer The Kinetics of ular T° 1 schultz Pat i 323. 
fion, 200 (Grune and Stratton, New York *Gomori, J. Path. 17 ’ 
Blood. 14, 386 (1959 ie 
an 
| og E., and Gurney, W.. J. Lab. ¢ 57 
‘Goldwasser, E., and White, W., Fed. Prov, 18, 236 (1950 
* Bloom, M. A.. and Bloom, W. J., J. Lab. Clin. Med., 32, 654 (194 i 
Hennessy, T. G., and Huff, R. L., Proc. Soe. Exp. Biol. Med., 73 te 
7 Hagen. C. W., and Zirkle, R. B Effects of External 
and Gamma Radiation, 265 et Co New 
Part 1, National Nuclear Energy ZB, 164). Baxter 
(. F., Belcher, E. B., Harriss, E.G... a merton, L. Brit, J 
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fable | ABSORPTION OF ANTITOXOPLASMA SER 


Complement 


fixation 


Hwemagglut- 


Ination 


sorbed with toxo 
plasma 
\oplasma serum 
ed with sensit 
zed human red cells 
Antitoxoplasma serum 
absorbed with unsen 
sitized human red cells 
Normal human serum 
mtrol absorbed wit! 
oplasma suspen 
und then mixed 


suspension 


intitoxoplasma 


then 
with antitoxo 


rum 


ts an absorbent was essentially the same as that 
with the mouse exuclate antigen. 
demonstrate that the antibody 


These experiment > 
ditters from 


measured in the hiemagylutination test 

that in either the dve or complement fixation tests, 

Therefore the antigen or antigens responsible tor the 

hemagglutination test 

tor the dve and complement -tixation tests 
D. G 


differ those responsible 


FLECK 
Public Health Laboratory 
Cockett Road, Swansea 


Path. Mier 
J. Parasitol., 43 


Effect of a Magnetic Field on Sarcoma 37 
Ascites Tumour Cells 


with work on the 


deals 


m living ascites tumour cells 


THIS communication 
effect of maymnetie field 
tro. The hanging-drop culture was prepared by 
iting a 7-dayv-old transplanted 
with suitable aliquots of Tyrode 

The culture shde to be exposed to the field was then 
Alnico perinianent 
inagnet in a horizontal position at a constant tem 
The tield strength used during the 


ascites mouse 
unour olution 


placed between the poles of an 
perature of 37> ¢ 
expernnent was about 4.000 gauss and was determined 
The 


«l 10 the field were treated 


rh lependent ly by the s weeptibility technique 


eontrol slides not exXpore 
ientically. The microscopic examination of the slides 
was carried out period ally. 

The control tumour cells showed normal 
and active differentiation, even after IS tu 
most tumour cells exposed to the tield showed com 
These 
experiments were repeated several times with repro 
The made after IS hr 


with acetoca photomucrographs 


growth 
whereas 


plete degeneration at the end of this period 


chueible results slides were 


stared mine and 


were made 
Although it is not possible to explain these results 
at the present time, the following postulates 


assumptions are 


clearly 
considered m working out a 
(1) The 


varying 


ana 
hypothesis for this purpose 
ponents’ in the cells have 
magnetic susceptibility representing the diamagnetic 
and the permanent and any transient paramagnetic 
contributions Henee, the permanent and any 
transient components will experience varying forces 
of the magnetic field. (2) Although 


chemical com- 


under the influence 


NATURE 


magnitudes of 


these forces are small from a miat roscopic point ot 
view, they may be enough to upset the delicate 
balance (chemical and other equilibria) inside and 
outside the cell. (3) Such changes are assumed, at 
least in part, to produce the degeneration of the colls 
We wish to thank Dr. G. 38. Sperti for his 
encouragement and Messrs. Albert Gerth and Robert 
Neagele for their valuable assistance, Further work 
on the effect of a magnetic field on living cells will be 


sublished elsewhere 
Inpumatr L. Muray 


Institutum Divi Thom», 


Cincinnati 6, Ohio. 


Chemistry Department. 
University of Cincinnati, 
Cincinnati 21, Ohio 


Association of Detectable Antibodies 
produced by Haemonchus spp. Infections 
in Cattle, with Serum Globulin Fractions 
EARLIER have that cattle 

which exhibit a marked degree of natural resistance to 
infection with Haemonchus spp. also develop higher 
complement-fixation titres than susceptible cattle, 
and that rises in the complement-fixation antibody 


investigations shown 


titres often occurred at the same time as rises in the 
serum This 
shown to be heritable'?. These 
inder field conditions where 


ganuna one fraction of the globulin 
resistance has been 
observations were made 
extraneous stimuli were likely to produce changes in 
o that the correlation between 
and the y-1l-globulin 
consistent and definite 
clarify this 


the globulim fractions, 
complement -fixation 

fraction alwavs 
conclusions 
cattle sera 
complement-fixation test were fractionated and 


titres 
was not 
were not possible To 


situation, known to be 


positive by the 
the 
fractions identified and test 
The following ts a brief account of the procedure and 
results obtamed 

The 6- and y-globulins were first separated trom 
the serum by pree:pitation vith 16 per cent sodium 
Phe globulin was further fraction- 
chroma 
acid 


md for antibody content 


sulphate at 37° 
diethvlaminoethy! 
gradient 


ated on a cellulose 


eolumn with potassium 
phosphate buffer ranging from pH 7-0 
0-005 Mito pH 5-8. 0-1 M, after the tec hnique in refs 
3 and 4 fractions 


isolated in this manne 


tographiu 
solutions 
Three antibody were 
The protein content of these 


itive 


estimated by the biuret colorimetric 
concentration of the indivi 
was ascertained by 


tandard serum and obser, 


Wiis 
The relative 


fractions 
met hod 
dual globulins im these fractions 
adding them to a known 
ing the alteration in the 
the serum by electrophoresis in an Antweiler micro 
Complement-fixation test 
deseribed in ref. 1, 
the method in 


globulin fraction content of 


electrophoresis app wratus 
techniques were earried out as 
and hemagglutination tests following 
refs. 6 and 7 

Considerable the 
amount of total protein in the samples. and antibody 


variation occurred in relative 
therefore been expressed as antibod) 
Complement-fixation test 
results have index ratios’ 
and 8), which is the ratio of the amount of complement 
fixed by the serum in the presence of antigen to the 
amount fixed in the absence of antigen, after correc 

tions, if necessary, have been made for anti-comple 
Details of the results 


contents hav: 
potency per gm. of protem 


been expressed as (refs, 2 


mentary effects of the antigen. 
are shown in Table 1 


Antitoxoplasma serum Positive at Positive at Positive at 
inabsorbed 1 1.280 1/1,.280 1640 
Antit rum Positive at Negative at at 
Positive at | Negative at Positive at 
Positive at | Positive at | Positive at 
1 1,280 1/1,280 1 1280 
Positive at Positive at Positive a 
1 640 1 320 640 
i) 
serut 
fe 

Normal human serum 

control absorbed with 

sensit man red Positive at Positive at ve at 

= 

ex 

Siim, J. C., and Lind, K 50, 445 (1960), 

L., and Lunde, M. 308 (1957 

al : 

ata 

4 


vestion that the ‘ \planation of the 
ute premerpalls Cell \ appears 
bebe star he or she is capable of producing 
3-globulin wesent throughout the bod ean ass 
It has been hie Liner «let substance 
the rt the cireuiation ps li “it t! nieractions of 
and ‘ ane antibodies “wre ABO and seeretor system here is already « 
nfected with Flaemor for th n the case 
pp. and the above tindimgs confirm this i nm whom 
Phere are at present imsuflie data available to 0 ‘ ationon ce! 
detinite conelu i role of the globulin t lepends tive 


tances laew hus spp. infeetion in for Lewis substan: 
appear to be a he seu 3 with salime, and acicles 


ent -lixation a 1 ola titration 


globulin We were tortiunmate 
Present Titre mectable enough Tad 
relationship 1} ewe are madebted to Dh 
pric hie if lal : rory ‘ t rise type has been 
2-fraction ¢ h cl notypes, im order 


an acquired 


Federal 


al Marsden 
London, S.W.3 


Laboratory, Univer 


London, W.C.1 


Detection of C-Reactive Protein by 
Fluorescent Antibody Techniques 
Pht presence of C-reactive protein in human serum 


isa highly sensitive index of inflammation or of tissue 


HAEMATOLOGY destruction It appears in the blood serum: as early 
as 14 hr. after the imjury occu fosent knowledge 


Significance of the Presence of Lewis 
Substances in Serum during Infancy and ate vet The 


has been found that infants who develop into for the detection of C-reactive proteim are based on 


pomts towards its being a % ‘ i. but its origin 


Its with the following phenotype red precipitation? *, complement-fixation®, ha magglutina 
Le at b 4 ABH) secretor Les a+b 4 *. go tion’ and gel-diffusion’® techniques. methods which are 
through t phiase in which the red-cell phenotype is insultable for the precise localization ot the substance 


Le a b+), and the secretions, as in the adult, in cells For this purpose the flrorescent antibody 


contam ABH. Le@® and Le! We have been able to technique seemed to be Prorniisinge Results of Staiming 

establish that during the phase in which Le@ substance blood smears from people who are positive and 

s detectable on the red these infants, it is negative for C-reactive protein with the fluorescent 
also detectable in their serum In the adult with antibody techniques are described her 

Le (a b 4 reel cells, although Leb substance is Smears were made on glass slides either directly 

present mm serum, Le® substance is not detectable from blood taken from a finger prick or from clotted 

although it is found in the water-soluble secretions venous blood The smears were air-dried and fixed 

Our observations are summarized in Table 1 for 10 min. in 95 per cent ethano The presence of 

(C-reactive protem im the serum was determined in 

each case by the usual capillary precipitation method* 

with (C-reactive protein anti-serum prepared m 

rabbits. The antiserum, purchased from Schieffelin, of 

New York, was also used for labelling with tliuoresceim 

‘sothioevanate. Labelling was carried out bv the 

method of Marshall ef a/.* The fluorescent solution 

was absorbed twice, once with monkey liver powder 

and once with guinea pig liver powder®, and passed 
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r ANALY ORIGINAL SERUM 4 THREE FRA aN 

° 
Keta and gar 
rec 
sub 
that 

ews 

ree he 

nat ee 
ve 
ib ‘ iwe diluted 
atthe the Lone volume of this 
ntibod having antisera Wit! 
th rm the tests and for 

nvest 
n hen 

ihe he symbols whi 
rot orb ome ea mvention 
I. G. Ross and venes in italies 
EEE terinacy Department Sy D. Laws 
Vom, Niger 
Ar ir. J R_P.. Vet. R 72.7 
t E. A. a 4 he 78 MARSH 
F. J.. Wyekoff, M. M., and Peters E. A 
Amé hem 78. Th 
Weichselba Path., i0, 4 

Boyden, S. V., J. Med., 93, 14 

‘& 
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a colin o 
protein Wits used dil 
durect and 
The direct 1 


ars vith, thre labelled C'-react 


methods were 


onsisted of vering the 
mand allowing them to stand for 


atmospher 


The stnears were then r 


n buffered satin mounted under a « 


erol saline 3 76 and examines 
method w arr 1 out as follows 
ered with labelled ¢ 

stand for 30> mun. in 


then washed for 
with 


reactive pre 

‘tum and allows 
in buffered 


obulin For the rest the 


saline and covered labelbes 


procedure 


deseribed above Smears were examined fron 


ho were negative 1 he C-reactive protein 


capillary precipitation method and fron 


showing Various amounts of C-reaetive protein 

Particl 

from the barely 


of 


swith intense green fluorescence: “any 


sible to approximately 
25 ople positive 


There was 


degree of the 


re prense mnt wn 


for C-reactive protem (Fig. 1 


resporise 
rough correspondence between the 
capillary precipitation and the quantity of thioreseing 


particles. Such fluorescing particles were not found 


in smears of le giving a negative 
peo] 


proteim 


response for 


(reactive Lenucoevtes of people ori 


positive and those giving «& negative 


resporse 


('-reactive protein, i as those of various labora 


torv animals, showed slight to intense flioreseent 


staining. This non-specific staming could be obviated 


by the addition of normal rabbit. sheep or guinea pig 


serum to the conjugated ¢ reactive protein anti rum 


Thromboeytes from C-reactive protein-negative and 


positive people, collected separately and stained as 


above, were negative 
\ series of tests was carried ont to demonstrate the 
Conjugated normal rabbit 


rabbit ¢ 


specificity of the staining 


serum, When used instead of reactive 


failed to demonstrate fluorescent 
protein anti- 


and normal rabbit 


protem antisertm., 
i 


staining The conjugated C-reactive 


serum was diluted 1 : 8 tn saline. 
serum, normal sheep serum, normal human serum, 
concentrated C-reactive prepared 
from ascitic fluid? and in unlabelled C-reactive protein 
The normal rabbit and sheep serum did 
with the stared 


protem solution 
antiserum 


not interfere appearance of the 


12] 


but inhibited the 


presence 0 


deseribed above, non 


leucoeyvte 


icles 


specitic staiming In the 


inlabelled C-reactive protein antiserum, no staming 
vas observed, either of the parti les or of leucoevtes : 


inthe presence of concent rat d C-reactive protein, the 


staining of the particles only was inhibited (Fig. 2 
labelled C-reactive antiserum 
vhen diluted in some normal human sera also failed to 


In the indirect staining procedure, the 


Surprisingly, 


show staming 
same results were observed in the staining as well as in 
the inhibition tests Jere also some normal human 
fluorescent particles 

with 


smears and frozen sections from spleen. Llyinph nodes 


sera inhibited staining of the 


Similar findings were obtained impression 
ind liver taken post mortem from a patient whos 


serum gave a@ positive response to C-reactive protein 


Fluore scent les vere observed ms in the blood 


smears, but did not seer to be associated with ans 
particular cell 

One of the puzzling features of this work is the fact 
that some specimens of serumtaken from appare ntly 
healthy interfered with the 
fluorescent staining. This interference was observed 
both in the dire« 


lig et 
Seligman et al 


laboratory workers 
t and indirect staming procedures 
found traces of C-reactive proteim im 
tnany normal human sera. Assuming that the inhibi 
than the 


might speculate 


capillary 
that the 
apparently normal sera which inhibited staiming con 
protein. The failure to 
latter in leucoeytes by the fluoreseent 
with the 


tion of staimminyg is more sensitive 
Ipitation reaction, ome 
tained traces of C-reactive 
detect the 
findings of 


1 im agreement 


Seligman a. who were unable to deteet it in 
extracts of normal and leukaemic cells 

This investigation was aided by a grant from the 
Hadassah Medieal Organization Research Fund 


RpBeERT GOLDWASSER 
Israel Institute for Biolo 


Ness Z Ore 


gical Research 


HMIEL RoOZANSKY 


Hadassah University Hospital and Hebrew Univers: 
Hadassah Medical School, 


Selign 


et Be 


HISTOCHEMISTRY 


Nature of the Sinus Lining Cells of the 
Spleen 

have 
eells liming the venous sinusoids of the 


Various Op been expressed on the 
nature of the 
spleen'. Thev have been described as forming a type 
of internal epitheliun, as muscle cells and as separa 
ted, endothelial Klemperer 


longitudimal ridges 


Jen 
past 
throug) is labelled 
C'-react aqi:s 
Smears 
nanti 
| 
Department of Clinical M 
yin ty ‘| 
Jerusalem 
Roantree, R. J Rantz, L. A. Arch. Int. Med., 96, 674 (19 
Wood, H. F.. MeCarty, M., and Slater, R. J., J. Exp. Med., 100 
‘Anderson, H. C., and McCarty, M., Amer. J. Med., 8, 445 (19 
Muschill, L. H., and Weatherwax, J., P Soc, Exp, Med 
87, 191 (1954) on 
K.. and Miltenyi, M.. Acta M Hung., 8, 41 (1955 
Med., 90, 451 (19 
‘Marshall. J. D.. Eveland. W. nd Smith, C. W., P Sue. Evy 
Biol. Med., 98, 808 (195> 
Coons, A. H., General Cutoch tl Methods, edit. by Danielli, J. 
oe 
cy 


Fig Frozen section of a lymph node demonstrating non 
pecit rase activity in histiocytes, (4) lining sinuses (littoral 
ving free in dilated sinus, (() in medulla. a-Naphthyl 
acetate method 240) 
Fig. 3 Frozen section of spleen demonstrating non-specif 
ra wtivity in histiocytes, (2) in cords of Billroth, but no 
iing Naphthyl acetate method, (« ¢. 150 


Molhier's that the wall of a 
inus is formed by a cytoplasmic reticulum 
identical to the 
reticulum of the 
stated that splenic 
and the prepon 


epted evidence 
ple nie 
fibres, essentially 
and fibrillar 
1957 Weiss® 


SINUSES, 


vith reintorcing 
general eytoplasmi 
pulp. As recently as 
eords are collapsed splenic 
derant cell type in the cords is the same as that lining 
nuses 
evident that histological 
whether under the 


ure influenced by 


It 


APPCarances, 


interpretations of 
light or 
artefacts 


eleetron 
Other 


roscop 


ethods of study may therefore be more fruitful. 

Braunstein et al“, from enzyme histochemical 
stuclies regarded the splemi littoral cells as 
histioceyte that is vtie cells like those of 


vmph nodes, Kupft r cells, reticuloendothelial cells of 
They stated 
strong 


bone-marrow and monocytes of blood 
further that all histiocytes 


pecifie esterase and acid phosphatase activity. They 


manifest non 


phosphatase acti 
From 


also demonstrated strong alkaline 

itv in capillary and lymphatic endothelium. 
this study it would appear that spoke nie sinusoids are 
comparable with those of liver in that they are lined 
by phagocytes 

Using th» histochemical techniques deseribed by 
Pearse® for acid and alkaline phosphatase and non 
specific esterase, on formalin-fixed frozen sections, | 
Braunstein et al., in 
I have 


have confirmed the results of 
regard to the histiocytes of lymph nodes 
however, been able to confirm their statements con 


mot, 


cerning the splenie sinus lining cells 
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The spleens studied were obtamed from monkeys. 
guinea pigs and human patients. The last-named 
group comprised two patients with lacerated spleens. 
two with thalassemia, three with hereditary sphero- 
eytosis and one with thrombocytopenic purpura. In 
all these, non-specific esterase and acid phosphatase 
were demonstrable in stellate, branching histiocytes 
in the cords of Billroth and in Malpighian corpuscles. 
The sinus lining cells, however, were consistently 
negative for all three enzymes. 

Capillary endothelium possessed the characteristic 
strong alkaline phosphatase activity. 

It is of interest to note that Marshall's ‘metalophil’ 
technique® impregnates those histiocytes in lymph 
nodes and spleen which show non-specific esterase and 
acid phosphatase activity. He states, however, that 
the impregnation of the cells lining the splenic simuse 
by metallic methods is often difficult 

These enzymatic reactions provide strong evidence 
that the splenic sinus lining cells are not identical wit) 
histioevtes (reticulum cells) in the pulp and in fact are 


not true lustiocytes, 
This work was supported by » grant from = the 
National Caneer Association of South Africa. 
R. F. DorFMan 
South African Institute for Medical Research, 
P.O. Box 


Johannesburg 


H 


Downey 


Handbook of Hematolog) 
(Hoeber, New York, 1038) 

* Mollier, Arch. mikr. Anat., 76, 608 (1910-11) (quoted by 
* Weiss, I finn. N.Y. Acad. Sci., 73, 131 
* Braunste H., Freiman, D. G., ane 


Kiemperer, P 
Klemperer 
\.. Cancer, 11, 829 


Pearse, A, UG. b.. Histochemistry Theoretical and Applied, sec 
dit., (Churchill, London, 1960 

urshall. A. H. E.. An Outline of the Cytology and Patholog 
Reticular Tissue, 23, 28 (Oliver and B Rdinburgh, 19 
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MICROBIOLOGY 


A Superior Fat-synthesizing Single-spore 
Strain of Lipomyces 


CONSIDERABLE attention has been devoted to the 
investigation of tat producing Mucro-OTrganisnis as a 
potential industrial process. Woodbine! has recentls 
reviewed this field and showed that, whereas many 
strains had been examined for their fat-producing 
abilities, no rationalized investigation for improving 
the fat-produeing ability of an individual strain by 
selection had been undertaken. Such a strain could be 
isolated originally as either a single cell or a 
which could then be subcultured to give a genetically 
homogeneous strain. 

Roberts? had tsolated single-spore culture 
from strains of the genus 
Lipomuyces and an mvestigation earried out on 
were isolated from a 


t 


fat-producing yeast 


ten of these strains: B to # 
parent eulture of L. lipofer, and J to L trom a eulture 
of L. starkey?. 


Lactose was used as the carbon substrate by all 
Although L. lipofe 


starkeys 


strains (Wickerham’s medium 
was found to utilize lactose immediately, L. 
required an adaptive period of fifteen or more days. 
This contradicts the evidence of Connell et al.3, who 
claimed that none of the strains they examined would 
utilize lactose, and of Lodder et al.4, who found that 
only strains of L. li pofe r would utilize lactose and indeed 
used this as a diagnostic character. Van der Walt® and 
Roberts? found that both species would utilize lactose 

One reason for the confusion would appear to be due 


1022 
vk. a 4, 
the 
ee 
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Table 1 
YIELD, SUGAR UTILIZED ANI 


RESULTS FOR THE LOW ¢ 


N RATIO IN TERMS OF TOTAL 
Portal A 


PATIN GM./L, USING L. starkey: 


Strain rat Fat 
Total coett 
cient 


desig- 


nation ed fat 


Parent 
strain 


i 


tat produc 
is 
sugar utilized 
5.8. D. indicates the strains showtig a int difference 


to the long adaptive period required by L. starkey 
before it ean break down the lactose. This, indeed 
might be used as a diagnostic character in the species 
differentiation of the genus Lipomyces. 

Examination for variations in the fat-synthesizing 
abilities of the strains was done on two media, one 
with a earbon to nitrogen ratio of twenty and the 
other with a ratio of sixty 

With the low carbon-to-nitrogen 
Wickerham’s*® yeast-nitrogen (‘Diteo’ 
medium was employed, containing 5 per cent lactose 
Five replicates of 50 ml. of mediwn im 250 ml 
Erlenmeyer flasks were used for each strain. The 
inoculum was subcultured on the glucose agar used 
by Starkey’, and 0-5 ml. of a standardized cell 
suspension used as inoculum. The flasks were agitated 
at 120 r.p.m. (3 in. thrust) at 26 1° C., and gathered 
after 33 days. Dry weight, sugar utilization and the 
fat percentages were assessed by the methods of Wix 
and Woodbine’. L. lipofer strains showed no varia 
tion. but eonsiderable variation 
strains of L. starkey? (Table 1). Although no variation 
was found with regard to the fat-synthesizing 
Tie chanism, all the single spore strains examuned were 
found to have adapted to lactose faster than the 
parent strain, which had utilized only half the 
available sugar. Diauxie occurred. so that the ‘parent 
strain was adapting from the glicose to the galactose 


ratio, 


base brand) 


oceurred among 


(or viee versa) fraction of the lactose when sample s 
were harvested 

Strains /, K, and L had completely utilized the 
lactose whereas strain J was still utilizing the second 
sugar in the lactose and consequently had a signifi- 
This indicates 
might 


cantly higher economic coefficient 
that 
strains with shorter adaptation periods toward sugars 


single-spore strain produce 
than the original strain 
In the medium with 
tat production was 
for each strain were grown in 6-0z. medical flat 


high carbon-nitrogen ratio 


encouraged Six rephi 
cate 
bottles containing 35 ml. of the medrumn recommended 
by Starkey*® but containing 3 per cent lactose The 
bottles were laid on their sides to increase aeration and 


inenubated at 26 1° C. No agitation was applied 
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Inoculation and gathering were carried out in the same 
No deviation 
The total 
coethicient 


manner as in the previous experiment, 

occurred among the strains of L. lipofer. 
vield, sugar utilization, and 
trends were similar to those found in the first expert 
ment. The differences may be summarized by division 
of the strains of L. starkey: into three groups. Stram r 
gave the lowest yield, strains J, J, and K produced 
greater yields, whereas strain L produced the highest, 
In no case was all the lactose broken down); this is 
the result of the high C : N ratio of the medium and 
the relatively poor aeration re tarding growth. Sugar 
utilization by the straims does not show the same 
pattern as is evident tor the total yield, strain / 
having utilized only the same amount of sugar as 
strain P. The higher total yield of strain L is reflected 
in the higher economic coefficient which 1s significant 
at a | per cent level Much of this 
oceurred due to the higher rate of fat synthesis im 
strain L. This may be shown by a comparison of the 
synthesis of non-fatty components for these two 
For strain 7’. this amounts to 0-98 gm hs 
whereas for strain L it is 1-10 gm./L, which is an 
increase of 11-2 per cent If the fat-synthesizing 
mechanisms of both strains were similar, then straim 
L would show 11-2 per cent imerease m fat produced 


increase has 


strains. 


strain P’. since no significant difference im sugar 
utilization has oceurred between the From 
Table 2. it can be ealeulated that the increase m fat 
produced by strain 1 over stram P isin fact 163-6 
This exceptional merease in fat could be due 


over 
strains. 


per cent 
to a efficient synthesizing mechanism bemge 
possessed by strain L than by strain 7? under the high 
carbon nitrogen ratio conditions used im this ri 
ment, Strain J closely resembles strain / in all but 
total vield, which is significantly higher. This may 


be cl to a greater synthe sin ot the non-fattv com 


pone nts from the same amount of sugar used. Straime- 
both have 
Most of the 


increase in total vield appears to be the result of the 


J and K are very similar to each other ; 
used more sugar than the other strains 


inereased synthesis of non-fatty cell « omponents 

The general from this work is 
that by isolates from 
Lipomyces starkey?, superior 


conclusion drawn 


investigation of single spore 
strains are found with 
power to assimilate sugar and/or more ethicrent tat 
synthesizing ability to those of the parent strain. Th: 
results indicate that improvement in such character 
istics might be possible by investigating single spores 


isolated from a parent strain. 


Hien ¢ N RATIO IN 


RESULTS FOR THE 


TERMS OF 
GAR UTILIZED AND TOTAL FAT IN s 


using L 


strain 


+ 10-06 


dy | 
SE +16 1:38 +069 +55 +207 
= 
Strain Mean 21-9 4-6 40 7-0 10 
1 S_k +O-s4 + 11] 9-45 +114 
S.5.D PJ Pod PI K 
chy 
Strain Mean 13": 28-6 | 501 15-6 3-4 11-8 
L Ost +004 + 1-09 1-76 
rhe ‘economic coefficient’ is drs 100, and the fat 
t 
P<00 
a4 Ent 
ab 
bg 
; Reon 
Str Sugar om Fat Fat 
lesig Total util coett per Fotal coeff 
nat vield ized cient cent fat cient 
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The Cytochrome of Pasteurella tularensis 


THe exarmimation of evtochrome m bacterial 


has been reported earher by W. F. Re 


Brodie et al and W. Ss 


with distilled water im a 
10 min. at 


by treating 


for 


A ii and prepare 
th sual methods 
al Lyophilized cell preparaty 
} yotical density was measured with a Shin 
The opt ca Vv wa neasure iw i i dirs cells were thorough disp. ed in 10 nal 


is LLL 
| ectrophotor type OF "he 

ph electric sp rophotometer, typ IB 0-2 M phosphate buffer () in a homogenizer 
and the different al spect optreal cdenesit 

was measured ust i al lass. vs r 

wil red i Opal ising measured by the difterences bet we cell suspensions 


fren 


absorption speetrum of the cell suspension or cell 


A Ss “ati (‘e trate 
n and Shibata nethod ll concentration previously reduced by excess sodium dithionite and 
‘ the « \ ryt are 

checked by finding iry weight and by ‘ by excess potassium ferrieyani In Fig. 2. 


ation of nitrogen (indophenol method \/ Emax plotted ageinst wave length 


troscope, wl excess sodinu 
Using a hand spectroscope, when ( MUU for the two strams, and yas st to be at 558 n 


tion bands essentially the same as he virulent and Virulent stram 17-0 -090 = 0-050 
vir t stra ) ( On) 
avirulent strain hough an absorption band t \virulen tram \/ 0-040 0-100 0-060 


dithponite was ad dl. the native cells showed absorp 


d 560m Wi found ong he 
around © » As the drv weight is the sa evtochrome a 
“aims sul ar restults were obts 
rain ver measured by (} fron the irulent strain 


grown for 48 hu nabl greater by A‘ 0-02 than the avirulent stram 


2 om. of wet cells pent 


2) Resting native cells 
10 ml. of 0-2 VM phosphate butter (pH 7-0) were 
suspended by homogenization, and the differential 
spectra were measured as before The results are 
shown in Fig. 3 and Table 1, giving the value of A/ 
corrected for the respective prote mn contents The 
latter was remarkably large in the virulent stram but 


still at about 558 m 


Fable 1 CYTOCHI 
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| 
IMO Neva) ga 
Departrnent of Agricultural Serene | 
University of Nottinghar P38 | 
| 
\ t M., / Ind 1 4 
ts, Nature, 179, 1198 (19 
Skinner, ©. E. and Hurd, R. | 
tudy (North Holla ru Amster 4 P Idaho 
Walt, J. P., Leeu ned. 1 hr. 23 
Wickerham, L. J., U.S. Dept. Agric. Tech. Bull, ou 
tarkey, R. I (Lue 
| 
Silver’. Recently, 1 Fj 
iP. 4. 
Yamanaka et have separated and purified 
‘ ‘ 
chrome from aeruqenosa Phe presen 
communication describes cytochrome components P38 | 
} hich have been detected m= the highly virulent L 
lev 
Idaho. Nevada) strains 10 and avirulent 
strain 32 mem.) of tularensis {daho 
Bacterial cells ¢ ilturedd on Hiwatashi's meduun tor 
hr. at 37° vel el. 4a of cells were washed 
r Cell-tree 
extracts were obtained the washed cells War 
na sonic oscillacor rin followed b 
‘or hie Fig Freeze-di i lis. | \ 
eentriftugation at for Optical density (O.D represen 
wel 
with 
GY 
600 ‘ 
~ 
an +dithionit wo! CONTENTS OF P. tularens 
600 Strain P 38 Ital 3s Idaho 
Wavy lenat! mu oD mors mo 
Fig. 1. Cytochrome mponent f tula After ur 1.33 
| ~ ed for t um. 
with sodium dithionate, the samples were examined menses 0-60 29 on 
evtochrome mponents by means of a Zeiss hand-sp 
at ro m temperature md during tmmerstor sa = 
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(3) Cell-free extracts : The cell-free particles extrac- 
ted from tho cells as described were examined spectro 
scopically. When absorption at about 560 mu due to 
contamination had been removed, there was a strong 
alpha absorption peak at 558 mu lke the so-called 
cytochrome b, (Fig. Table 1) 

These particles can be repeatedly oxidized and 
reduced like other cytochromes, and showed higher 
succinoxidase activity by the respirometry or reduc 
tion of trimethyl tetrazolium chloride than the other 
Henee the absorption band at about 

well be that of a eytochrome b, type 


tractions®. 
SOS miu may 
pieme nt 
Thus it 
enrome b,. 
in the cell-free 
train than for the avirulent 
This work was aided by a grant trom the Depart 
ment of Biology, Faculty of Science, University of 


Osaka, 


that tularensis contains cyto 


the amount of which in the whole cell and 
greater for the virulent 


extract is 
strain 


M. MizuwHara 
M. YAMANAKA 


lh partment of Microbiology, 
Osaka Medical College, 
Takatsuki-City, Japan 


Werkman, G. H and Wilsor 


ind (ray, ¢ 

er, W.S., Nature, 185, 555 
‘Yamanaka, T., J. B 
Calvin, M., an iibata, K 
*Mizuhara, M Jinsen-Igaku 
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Pseudomonadaceae as a 
Source of Bacterial Contamination in 
Tissue Culture 
THe pleuro-pneumonia-like organisms cause 
siderable difficulty in tissue culture work, as many 
lines of cell cultures are contaminated with 
organisms}. I have found that 
Pseudomonadaceae could play a 
tissue culture. It is well 


eon 


these 

the 
as eon 
that 


menibers ol 
part 
taminants of known 
these bacteria are frequently a source of bacterial 
contamination in stored blood and blood derivatives?. 

[ have isolated from apparently healthy 
cultures of human origin (human embryonic and baby 
and AB Gram-negative bacillus 
according to Bergey's Manial of Determ 


(7th 1957) as Pseudomonas 


tissue- 


kidneys cells) a 

identified 
native Bacteri edit 
aq. 

The maim characteristics of the organism isolated 
were as follows : 

I’. fragt is & Gram-negative rod 
flagellum (0-5-1-0 0-75-4-O0u). It 
agar slants as white. glistening and butyrous colonies 
In broth cultures a thin pellicle and a sediment are 
The sac charolytu and prote olytic activities 

the organism produces acid from glucose, 
arabimose and galactose. Litmus nulk is coagulated 
in 2-3 weeks, and it produces a characteristic ‘straw- 
On potato, P. fragé grows in raised, 
later become brown. It does 


with a 
well on 


lar 


vrows 


formed 


are poor ; 


berry’ odour. 
white colonies, which 
not produce pigments. 

The important obrervations for the tirsue-culture 
IP’. frage does not grow at 37° C., but 
remaims this the human 
embryonic and baby kidney tissue-culture for at least 
30 days, and it AB cells through 65 
passages made at three-day intervals without causing 
it grows at Lenmipera 


work are: (1) 
viable at temperature m 
can persist m 


any visible damage to the cells ; 
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the optimum for growth being 
& Organism and it can 
commonly used for 


tures of 10 
20° ©. (2) it 
through sintered glass filters (5 


the preparation of tissue-culture media. 
Because of these two characteristics it 
cultures if 


Ca remain 
undetected im contaminated the 
ternility controls are not tested at room Leni perature 
(1S The OPpanisiti is widespread inh Nature, 
and can soil and water. In 
contamimated 


tissue 


20” ©.). 
be encountered au 
eultures were 


mV 


experrence 
from tap water, and the organisms reached the tissue- 
eniture media primarily through contaminated glass- 


ware and simtered lars filters. It was detected by 
chance. 
IP’. fraqgi can easily be detected in control tests for 


sterility, Cultures can be ret up on ordinary bacteric 
logical media incubated after plating at room tem 
The ineubation period must be sufficient 
Direct growth from 
the 


Lrows it 


perature, 
to permit growth of the organism 
slower on aecount of 


‘ ulture 


tissue cultures may be 


antibioties added to the fraqi 
medium con 


of strepto- 


colonies from a tissue 
LOO of penicillin and LOO 
mycin in 48 hr. 

A great number of saprophytes and plant parasites 
be long to the Many 
of this family have been from 
I believe that, like /?’. 
they could contaminate 


there as latent 


visible 
tamminy 


Pseudomonacdace members 


isolated water and 


fraqge im my experiments 


tissue cultures and remain 


contaminants 


M. LIKAR 


University of Ljubljana, 
Institute of Microbiology. 
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Bonnel, P. H id Raby, C., Ann. Inat. Pasteu 
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Sun Navigation in Birds ? 


C.J. Pennycuick' has advanced a new hypothesis 
of Sun navigation in birds. The bird is supposed to 
measure the Sun’s altitude and the rate of change 
of altitude and to compare these quantities with the 
respective memorized conditions at home. 

The experimental evidence available does 
agree with this theory in at least two major respects: 

(1) The Sun’s altitude: data have been presented? 
in which pigeons, following a phase-shift of their 
chronometers of 6 hr. clockwise, were released during 
the common light period of the artificially shifted 
and the natural day (which appears to be afternoon 
to the bird, but actually Only at one 
particular time of day (9.00 local time) do the altitudes 
of the anticipated and realized Sun with which the 
birds released before 


not 


is forenoon). 


bird is confronted agree. All 
that time should. according to the hypothesis pre- 
Mr. Pennyeuick, take their headings 
towards cast to south-east, all birds released after 
that time towards north-west to north. This clearly 
was not the There was a deviation to the 
left, with reference to the headings of the controls, 
no matter what time and which direction 
or distance the birds were released. 

(2) In determining the rate of change of altitude 
either: (a) the bird has to be able to diseriminate 
between a Sun going up and a Sun going down; or 
if not, (6) there would be an ambiguity during at 
Mr. Pennycu:ck does 


sented by 


Case. 


from 


least some portions of the day. 


4 
Science, 125, 534 (195 
160) 
whim, Biophys. Acta, 17 
4 
ig 
i 
+ 
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not mention this pomt mm his paper An additional 

of evidence agaist Sun navigation ts implied 

by the data referred to under (1) if ease (2a) should 
tuin for the rat f chan of altitud The bird 
he Lexpect a deer ean altitude but will obser 

we in altitud Howeve instead of est 
be predicted by the hypo 

thesis. there was a cle ation to the left 


The first evidence of the orientational reaction of 


pigeons to a phase-shift of their chronometers has 
eanwhile, been confirmed b the of exper 
nts mvolving other dlegres oft pr shift® 

results, however vere not vet generally 
tilable when Mr Pennyeul manuscript was 
ihmuitted for publication 
This work bee, Supporte by erant lo 


om the National Science Foundation to P. H 


Kraus Scumipt-KoEnNIG 


Department oft Zoolog 
Duke Universit. 
Durham, North Carolina 


} B 37 
it-k K } H 1, 25, 


1) IN the paper referred to, I followed Matthews 
nh assuming that the pigeon, on release, compares the 
Sun's altutiscte vith the remermbered altitude seen at 
t he ame time of dav at home In Schmidt Koenig 
clock-shifting’ experiments the birds were accustomed 
toa light dark rhythm advaneed by 6 hr. in a light 
proof room Since they could not see the Sun during 
the po riod, they clearly could not reme miber 
ite alt.tude tor s ibsequent with the 


al observed on release Henee there experi 
mil no light om the possible use of altitude 
for ation in the way postulated, and neither the 


predic (porns tated nor any others based on altitucle 
easurements would follow from mis hypothesis 
2) Sehmuidt-Koenig’s experiments might have been 
interpreted in at least two ways by the pigeons 
t) Thev mav (as Sehniudt y seems TO 
accept the ‘shifted day’, forgetting that the shift had 


w that they were still at 


been applied and a rhe 
On *elease m normal daviight they should then 
respond as chough they had been taken a quarter of 
the wav round the world, to the west. This is a very 
large displacement compared with any with which 


pigeons normally have to contend, and the release 


distances from hore 100 km.) were masignifieant 
by The would thus head ea tifatwo 
dimensional navivation svetem were being used 

If rate of change of altitude alone were bemg used 
altitude bemg ruled out) they nught respond to the 
vross difference which would oceur—-the Sun going 
i when, aceorcdimg to the time of dav. it should be 
yoing down (Sehmidt-Koenig gives no reason for his 
doubts as to whether the birds could distimguish 
opposite curections of movement) On the simple 


method of interpre? ing this. which is postulated in 
paper, the birds would then orient theme lves at 
right angles to the Sun’s direction, with the Sun on 


June 10. 196) 


their right. That they did noi do so might be evidence 
avainst Sun navigation, but more i:kely it indicates 


that Sehmidt-Koenig’s interpretation of his exper! 


ment ix not the correct one. The fact that behavioural 


rhythms became svnchronized to the shifted day is no 


proot that the shift had been forgotten the experi 
ments in Which pigeons were tran 1 to take food in 


a particular direction referred to the Sun also purport 
ing to show that the clock had madeed been shifted 


are also inconclusive, since there is no reason why the 


birds should associate this task with homing orienta 


tion ndeed, it was shown that n t of them would 
not even allow for the Sun's 2 tiora chur ng th day 
unless they were speciiealiy Traine to do so 

The birds could alternative have supposed 
that they had been taken for a few days to a place 


vhere the light dark rhythm wa vanced by 6 hr 

and then brought back and released im the genera 
neighbourhood of home (as had im tact happened 

It is well known that pigeons wi eturn to their old 
home after confinement in a dista place for muct 
longer than the short traming yp «lay 

sed by Schmidt-Koeniz, which amounts to the san 
thing The experiment then becomes a test of 
ibility to orient homeward after by ng denied sight 
the Sun for a few days, during Whieh the time-sense 
of th birds was subjected to severe stress. No 
specific effects would be predicted trom this, but one 


imnecreased scatter ot cdireetion ot departure and 


expect some general cdisocentation, giving 


redueed suecess in homing. These were observed. 

It is true that the differences observed in directions 
of departure between expernnentials and controls 
vould not be predicted on mv hypothesis, boat 
Schmidt-Koenig has not explained these « ithe 
Probably the design of these experiments Was Too 
ambiguous to lead to any definite predictions. 

Schmidt-Koenig’s results are of great imterest im 
that they confirm that pigeons have a time-sense, ana 
that certain manifestations of it can be interfered with 
by applying shifted light dark rhythms; but he ts 
not justified in assuming that an expermment im 
which the bird is not allowed to see either the real 
Sun. or an artificial sun moving in a calculated path. 
will lead to results predictable from: a theory of Sun 


navigation In anv event the time-shifts used 
6-12 hr.) were unreasonably larg: shifts of the 


order of 5-30 min. should produce « {fects « omparable 
to those of the homing distances which have been 


Tist d In riments on 


( J PENNYCUICK 
Department of Zoology. 
University of Cambridge 


Matthews, G. V. 17 J. Exp. Biol., 30 105 


Bundles of Follicles in Adult Romney 
Ewes 

BuNpLEs of secondary follicles have been shown in 
the Karakul'. Herdwick?, Cheviot®, Merino? and 
several other breeds* of shee }. and the formation of 
these bundles by the branching of follicles during their 
development has been demonstrated m the Karakul! 
and the Merino’. Branched primary (/’) follicles have 
heen deseribed in the Merino and the Corriedale by 
Lyne®, who also discussed his findings in relation to the 


fact that secondary primary (S//’) ratios are normally 
determined from sections eut at the level of the 
sebaceous glands. At this level, branching follicles 


. 
5 
Klopfer. 
Max-Planck-Institut far Verhaltensphysiologr 
Wilhelmshaver 
(,eTmnany 
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will not always be apparent so that some branching P 
<condary (GS) follicles 
Avricultural Cotlege, skin 
trephine 
Lil 


‘Transverse skin section 


classified as 
Massey 
samples were taken from the face | 

mud-side (1 
old 


about 1 he 


follicl Will 


In recent work at 


and the erm, tre phime om a flock of 


4 OWen, 


level of the 


year Rorunes 
sebaceous glands and 
haematoxvim and eosimn During the 
of SUP and follicle 
branching P? and S follicles were found in both micd-sick 


were eut 
stained with 


ratios demasit ies 


and face 
It should be pomted out that the PULP prope of the 


saroples 


work was not to determine whether branching follicles 


theretore, t obser 


existed im the Romney breed ; 
not based on complete serial sections of 


ght of Hardy 


reasonable to assure 


Vations are 


the follicles and 


However, m the li 
Lyne’s*? and Lyne’s® work, 
that if the root-sheaths of two follicles coalesce at a 
evel above that of the s then 
nearer the skin surface, the himens of the two follicles 
well (Fig. 1) 


observed 


brane glands, 
will do so as Furthermore, as the 
follicles those 
of sections eut higher than the level 
it is clear that the propor 


branchmy were mainly in 
sections or part 
ot the sebaceous glands, 
tion of sheep showing branched follicles will depend 
on whether such sheep had seetions cut at this level 

Branching S follicles found im the mid-side 
sail iple s of twenty-one of the 111 she ep Fig. | Keven 
within the limitations of the sections there appeared 
to be variations bet ween sheep in the number of 
S follicles in the area sampled as the 
than SO/- 


were 


bundles of 
number of bundles varied from 1 to more 
em Again, within the limitations of the sections, 
the number of fibres bundle varied from 2-5. 

branched P follicles im the 
which 


The oceurrence of six 
mid-side sample of one sheep, also showed 
marked S follicle branching, and the appearance ot 
several more in the face samples of five sheep, was 
noted, agam im those sections cul above the level of 
the sebaceous glands (Fig. | 

In view of the work by Hardy and Lyne* and Lyne®, 
it is unlikely that the branching follicles found in thi 
suggested by Auber and 
Rvder®. although until the leading to the 
formation of these follicles determined, 
this must remain a possibility 

These findings suggest, therefore, that an investiga 


tion into the method and time of development and 


study are anomalies as 
factors 


hav e been 
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extent of branching of follicles in the Romney breed is 
sted 


the 


Such work, making use of Lyne = 
definitions of follicle types, establish 
oft branching follicles to the type of fleece 


needed, 
could 
in this breed 
of both P? 
breeds 
follicle 
branching follicles may 


the occurrence of bundles 
and Mermo 
NECESSITY tor the 


breeds of other wool types, as 


Furthermore, 
and NS follicles in the 
the 


populations ot 


Romme \ 
suggests mvestigating 
be a more conunon unit of the 
flecce than was previously the 
bte to Mr P.G 
the identification ot branching pP 
Mr. G. A. Wickham and Mr. B. Thatcher for preparmy 
and Dr. F. Coekrem for 


Schinckel for confirming 
und follreles, 


and examiming the sections 
he use of his material and for he Ipful eriticism. 
This work was carried out with the aid of a grant 
by the New Zealand Wool Board 
D. F. G. Orwitn 
Sheep Husbandry Departiment, 
Massey Agricultural College, 
Palmerston North, 
New Zealand 
nd Haar te 
eil 


Independence of Temperature of the Rate 
of Ageing in Drosophila subobscura 


poikilotherms an inerease In 


the Tife-span has naturally been 


Tue fact that in 
Temperature reduces 
taken as showing that the rates of ageing processes, 
like chemical reaciions, are dependent on 
temperature If so 
appre iable part of its life-span at a high temperature 
and is then transferred to a low temperature would be 
expeeted to die at a chronologically younger age than 
the lower 
been reported! that 
ot 
tor 


those of 
an animal which is kept for an 


a similar animal kept continuously at 


temperature It has already 


realized im ihe 
voung at 30° C 


this noi 


expectation is 
Su Flies kept 
periods equal to about half theu expectation of life at 
that temperature and then transferred to 20 C. died 
at the same chronological age as did flies kept con 
tinuously at 20 © 
These results were 


when 


wobscura, 


now 
the 
can be 


interpreted, wrongly as we 


as evidence that the causes of agemg at 
But they 


Age Processes Thay 


think, 
two temperatures are different 
xplained in another way 
oeceurring im individuals 
to «ie as they yrow 


defined as those 
which render therm more likely 


older, either from imternal or exte rnal causes, It is 


pr 


conventent to describe ihe result of such processes as a 
the ‘vitality’ of individuals as they grow 
is supposed that the ageing process is not 
and at 30° C., but also that its 
rate is the same at thetwo ternpe ratures Death occurs 
vitality of the individual falls below some 
value, the level ot which depends on the 
at which the individual is living at the 
vitality 

Dit 


temperatures are 


decline m 
older. li 


only the same at 20° ¢ 


when the 
threshold 
temperature 
time, and which corresponds 
that temperature 
ferences in longevity at different 
then due. not to differences in the rate of the ageing 
process itself, but to different threshold-levels below 
whieh the vitality must not fall if life is to be main- 


to ihe level oft 


necessary for survival at 


tained. 


a ay 
Hardy, M. H., and Lyne, A. G., Austral. J. B 9, 423 (1908 
W nd Tanzer, E., Arch, Naturgesch., 89, 1 (1928 
east 
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This hypothesis we ‘4 explain the earlier findings, 
providec: that flics are transferred from the high 
tothe low temperature before their vitality has fallen 
to the threshold-level corresponding to the highe r 


since, 


temperature, their physiological state would be the 
same as that of flies of the same chronological age kept 
at the lower But there os 
prediction from it wnich can easily be tested 
kept at a low temperature for a period equal to or 
greater than their « xpectation of life at some higher 
temperature should die nmmediately if transferred to 


another 
Animals 


temipe rature 


that highe r Temperature The OX nt now to he 
described fully confirms this prediction, providod tha 
‘die 
the phrase “start dying 

Fk, hybrid males between the B and AK mbred lines 


the word m the previou sentence is replaced by 


were raised at the usual laboratory temperature of 
20° « A control group kept continuously at 20° C 
longevity of S3-4 davs. 
male for periods varying from 
4 to 36 days after anid 
and kept at that temperature until 
The first 
the 


alt} ough 


had a mean Groups of 10 
each were kept at 20°C 
emergence, were then trans 
ferred to 26 ¢ 

died. The 


to be: 


results are shown in Fig. | 
ferred all ched at 
chronological age of approximately 40 day 
the first group had a mean survival-time at 26° C. of 
35-4 days, and the 6th group of only 16-2 days. Thi 
is exactl: the result to be expects dif the rate of age 

ing But the last 
four groups all had approximately the same survival 
16 days 


They 


tran 


were independent of temperature. 


This suggests that 


threshold value 


time at 26° C. of about 


once the 


vitality has fallen below the 
appropriate to the termperature at which the flies are 
living, a second proce Sis set in motion, a process we 
shall refer to as ‘dying’. The threshold appropriate 
to 26° C. is reached at a chronological age of about 24 
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days, regardless of whether the flies have been living 
at 20 If flies. aged 24 or more days, are 
transferred to 26° C. they start dying, a process which. 


or at 26° C 


at that temperature, is completed in about 16 days. 

Similar results have been obtaimed in a number of 
experiments on both males and f>males, at tempera 
tures ranging from 15° to 30° C. It has also been 
found that the ‘dying’ process is reversible. Males 
aged 12 or more days at 20° C, die after 3 or 4 days at 
30°C. But males kept alternately for one day at 
30° C. and for three days at 20° C. died at chrono 
logical ages varying from 53 to 85 days, after periods 
of from 8 to 17 days in all at 30° C. This shows that 
the changes oceurrmg during the dying period at 
30° C. can be repaired at 20°C 

rhe earlier experiments, together with those de 
scribed here, lead to the The 
processes which ultimately result in the death of old 
flies divided imto here called 
ageing’ and ‘dying’; these may correspond to the 
processes of induction and development suggested by 
Neary® from a study of mice. Ageing is an irreversible 
process the rate of which is roughly independent of 
temperature, at least from 15° to 30° C., and which 
leads to a continuous decline in the ‘vitality’ of the 
individual ; by vitality is meant merely the capacity 
of the mdividual to withstand the various factors 
which may cause death. When the vitality falls below 
a certain threshold, a second process, that of dying 
is set in motion. The level of this threshold is depen 
dent on temperature, being lower at lower tempera 
tures ; it is differences in the threshold-level, and not 
in the rate of ageing, which are mainly responsible for 
differences in longevity at different temperatures. The 
dying process occurs at a rate which is dependent on 


following conclusions. 


two stages, 


can be 


temperature, and is terminated by death, but it can 
be reversed in individuals transferred to lower tem 
peratures, 
Jean M. CLARKE 
J. MAYNARD SMITH 
Department of Zoology, 
University College 
London. 
Maynard Smith, J., Nature, 181, 496 
Maynard Smith, J., J. Erp. Biol., 3% 


Neary, G. J., Nature, 187, 10 (1960 


Further Evidence of Polar Movement of 
Nutrients in Plants 


IN two earlier papers I showed that there was good 
evidence for postulating polar rather than transverse 


> This conelusion 


movement of materials in plants! 
was supported by later work on the movement of 
fluoresceim in the lem System's, otf labelled carbon? 
and of labelled phosphorus*. The last 
describe experiments which show that carbon-14 or 


two papers 
phosphorus-32 when introduced on one side into the 
leaves or the roots respectively of plants pass freely 
and rapidly up to the tissues on that side, but do not 
move transversely across the pl unt 

The present communication describes some experi 
ments which confirm the previous results, but which 
have the advantage that the tissues concerned were 
not mutilated by defoliation nor affected by the use of 
staining materials which 
extent, toxic to the living cells 

The technique Is simple and 
without the necessity for any precautions which may 
attend the ure Further, the 


are. to a greater or less 


can be carried out 


of radioactive materials. 


2 
: 
= = 
¢ 
ter 
Re 
om 
Chronological = 
Fig. 1 Chronological age it deat! f males kept for periods ah 
trom 4 t  davs at ind afterwards at ¢ 
i 
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When 
“FREEZING”? 
is the 

only way 


Certain techniques (for example: enzyme techniques, fluorescent 
antibody techniques, or where rapid diagnosis is required) 
prohibit the use of fixatives during the preparation of tissue 
sections for microscopy. Because freezing keeps sections fresh, 


unfixed sections of frozen tissue are in increasing demand. Cambridge 


Although special freezing cabinets can be constructed to 
enclose the microtome, the CAMBRIDGE MICROTOME CRADLE has 
the great advantage that it can be used with certain com- 


mercially available deep-freeze cabinets already installed in MICROTOME CRADLE 


many laboratories (without modifications). The bottom of the 
cabinet is still available for normal storage when the microtome 
is in position. 

OPERATION OF MICROTOME.--Once in position, the microtome 
can be operated directly, without complicated mechanisms, operation 
through openings (rubber sealed) at the top. The effective 

design of this cradle has been confirmed by two years’ routine 

operation of prototype models. 


for deep freeze 


MICROTOMES —- THE CAMBRIDGE RANGE 


FOR ROUTINE OPTICAL MICROSCOPY FOR ROUTINE ELECTRON MICROSCOPY 
The Cambridge Rocking Microtome The Cambridge Fine-Section Microtome 


FOR ADVANCED WORK - SPECIALIST APPLICATIONS 
FOR LARGE SECTIONS ~— The Cambridge Ultra-Microtome 
The Cambridge Rotary-Rocking Microtome (A. F. Huxley pattern) 


Write for further information, quoting CAB/N. For future publications, ask for Mailing Form N/6/61 


CAMBRIDGE INSTRUMENT COMPANY LTD. 


13 GROSVENOR PLACE . LONDON, S.W.! 
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of wire-wound 
components 
under vacuum 


RESIN 


N.G.N. new ‘Resin-impregnating Plant’ not only ensures 
better and far more thorough impregnation of all types 
of wire coils—its faster cycle of operation, coupled with 
carefully designed thermostatic control of vessels and 
pipework, plus full bore resin transfer valve, all combine 
to speed output while reducing costs. 


Work chamber is evacuated to 1 micron Hg. to degas and 
dehydrate components which are then impregnated under 
a pressure of 80 Ibs. p.s.1. 


Surplus impregnant is completely recovered. Absolute 
reliability, both as regards thoroughness of impregnation 
and regular output is assured. 


Enquiries for special plant to user requirements are 
especially welcome. 


N.G.N. ELECTRICAL LIMITED 


AVENUE PARADE, ACCRINGTON, LANCS. Tel: Accrington 35611-2 


Secondhand Microscopes “GURR’S”  cceorce 
We buy, sell or take in exchange Since 1915 “GURR’S” brand of MICROSCOPICAL STAINS and 


Clarkson's wees Reagents has become world-famous 
38 High Holborn, W.C.|!. if you want this world-famous brand specify “GURR’S” 
ESTABLISHED OVER A CENTURY and refuse any other 
Opposite Gray's Inn Road ‘Phone : HOLborn 2149 Ask for catalogues 


GEORGE T. GURR LTD. 
INSTRUMENTS for HIRE 136-138 NEW KINGS ROAD, LONDON, N.W.6 


Scientific Circulations Ltd. All communications regarding advertising 
We have extensive stocks of Technical Journals, Periodicals in NATURE should be addressed to: 


and Textbooks, Special terms for Technical and Commercial 


Libraries. All Scientific and Technical publications purchased > G. SCOTT & SON LTD., 
111, Eastbourne Mews, London, W.2 1 Clement's Inn, London, W.C.2 


Telephone: AMBassador 6934 


CYGNET meets the “= 
demands of science 


The Associated Feed Manufacturers Research Labora- 
tory, York Road, Belfast, is an excellent example of the 
top quality research accommodation now being provided 
for industry. Once again, Cygnet Laboratory Furniture 
provides the supreme craftsmanship and advanced design 
necessary for maximum efficiency. 

1RIBA 


ngimeers, 


ate 

| 
University Street, Belfast, 7 
| 
CYGNET JOINERY LTD * HIGHER SWAN LANE * BOLTON * TEL: BOLTON 62121 (10 lines) ae 
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expernments were of comparatively long duration, 


showing that durmg a period of even three months 


the major portion of the metabolites move up and 
remain within the side on which they were originally 
elaborated. 


The experiments were set up as follows 


absorbed o1 
voung 
shoots of Coleus plants with 3-4 pairs of leaves were 
taken as cuttings and rooted im coarse sand without 
any added nutrients. After a couple of weeks or so, the 
end had developed a callus and adventitiou: 
had emerged. The end of the then carefully 
slit with a razor by an meision up the middle at right 
of sides It recalled that 


are square with ot Opposite leaves 


rootlets 
stem Wa 
angles to a will be 
Cols 


mserted on the flat 


siemis there are 
of the 


were 


these 


siites In 


our main vascular bundles, one at cach corner 


In the treated cuttings, 
two bundles on each side of the 


stew therefore, there 


incision and the stems 
were symmetrical for 
The 


dividmg a wooden box 


all practical purposes, 
cuttings were then so placed on a sheet of vluss 
into two compartments that 
adventitious roots was on 


cach side of the stem and it 
one side of the sheet of plas compartment Was 
filled with a rich loam, the other with a coarse sand 
without any added nutrient: Within a few days it 
was noted that the side of the plant above the soil was 
growing much more rapidly than that above the sand. 
The much larger than the 
opposite the axillary buds 
were developing into branches and the stem was much 
better grown on the soil side than on that the 
Clearly . the nutrients being absorbed from the 
being retained by the 


leaves on one sicle were 


members of the pairs, 


over 


sana 


soil were Passe into and 


tissues on that side of the plant. 
At the end of three months a plant was photo- 
(Fig. 1), and all the leaves and axillary 


yvraphed 
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branches on the side above the soul and on that above 


Though the alternate leaves 


the sand were 
Tortion 

ore than 

axillary 

they were 


nt. Three 


Table | 


internode 
2 indicates the 


Sec trons at iin 
and Fig 


lar ¢ 
Vascular tie 


were tive 
about the middle of the prolant 
differences im the 

It will be 


the corners of the 


noticed that ram vascular bundles on 


the soil had mereased 
above the sand 


three months. 


stem: above 
those 


by about six 


had dou 


JoHn CALDWELL 


Department of Botany, 
University 


35, 2 


Staining Plastids in Chlorophyli-deficient 
Mutant Plants 
Childers and MeLennan' deseribed collapsed 
distorted palisacde cells in a rerulis type chlorophyll 
alfalfa. \ 
stain Was 


of Johansen’s* 
the 


modification 
used for differentiating 


mutant in 
quadruple 
plastids 
The were 
pre-fixed im Carnoy’s fluid 6 ; 2: 2 for 30 see,, then 
Navashin’'s 
Johansen’s® 
were cut at 
The clearest 


technique is dese ribed he re, Leaves 


modification of 
dehydrated im 


fixed in  Carpechenko’s 
fluid The 
tertiary butvl 
Hu and staimed 


tissue Was 


RETIOS Sections 


alcoho! 

1 the quadruple stain 
differentiation was achieved by reducing the time in 
while maintaining the time 


methyl violet rin 


B) 
Fig. 1 Cross-sections of altalfa leaves 1) green leaf showing 
heavily stained plastids; (#8) vellow leaf showing lightly stained 
but fully formed plastids xe. 575) 


big Photograph of Coleus plant showing marked growth o1 
plant with roots in soil 
he 
-—— = 
Caldwell, J., (a) Proc. Roy. Soc. Edin., 50 (1929); (b) New Phytologist 
29. 1 (1930); dhid., 52, 3 (195 
pee es. Fig. 2. Camera lucida drawing of section of Coleus stem (a) before Jones, H., Martin, R. V., and Porter, H. K., Ann. Bot. (N.S.), 23, 92 ce 
experiment, after three months, The dotted lines indicate (159 
the approximate of the wl ss plat lividing the tw Rinne W ind Lanygston. R. ¢ Plant Phus ( 
ae in which the cutting was grown cay 
Tae 
; 
= 
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in fast green at 15 min The nuclei 
reddish-blue and the chloroplasts green 
of this schedule is that de-staming is 
accomplished brief 


aye 


in 


and 18 by 
de-staining solutions 
W. R. 
Genetics and Plant Breeding Research Institute, 
Research Branch, 
Canada Department Agriculture 
(ittawa 


Nothofagus Pollen in the London Clay 


Tue existence of southern families and genera with 


disjunct distributions, suc h as the Restionaceae and 


abs 


authors! 
Some? 


Nothofaqus, has been used by many 
evidence supporting continental drift 
the importance of Antarctica as a 
link between these presently disjunct areas without 
explicitly invoking the notion of drift. The presence 
of Nothofaqus among the pollen and spores from 


Seymour Island, Antarctica’, supports such a sugges 


have 


Tertiary 


tion 
Bandulska® assigned a 
Tertiary Nothofaqus, but this isolated record 
received no further support Recently, Erdtman® has 
recorded pollen of the Restionaceae from the British 
Karly ‘Tertiary If supported bv further evidence. 
these reports of tropical and southern hemisphere 
dis} the hemisphere tem 
perate lead some gyest that the 
land may have bridge 
hetween the southern continents. A Aus 
tralian element exists among the genera represented 
by the fossil fruits and seeds of the London Clay ; the 
of Australian (40 per cent), 


leaf from the British 


inet groups In northern 


might to 


region 
served as a 


distinet 


hurasian mass 


proport genera 


}. Fossil Nothofagus ( x 1,000). Fig. 4. Recent ¥. obliqua ( x 


190 
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although less than that of the genera of the Malay 
Islands (73 per cent), 1s nevertheless considerable’. 
In the course of an investigation of the pollen of the 
(Eocene) London Clay, I have now found, in addition 
to thai of the Restionaceae and Proteaceae, 
Nothofagus pollen. The slides were sent to Prof. G 
Erdtman of Stockholm for confirmation. He stated 
(personal communication) that he found it “imposs 
ible, at the present state of our knowledge, to avoid 
referring the grams to Nothofagus”; he regards the 
vrains as more similar to certain recent Nothofaqus 
polk n grains than to any other pollen grains so far 
known. The pollen came from the London Clay of 
Alum Bay, Isle of Wight, and the grams, which ar: 
to 6-aperturate, compare favourably with those ot 
N. obliqua of the men group (Figs. 1-5). Harris* 
has shown that the aperture number in this group 
varies between 5 9 Although the exine of Nothofaqus 
poll Th has generally been consick re dl to be r 
Prof. Erdtman pe rsonal com 
munication and ref. 9) that the 
obliqua have delicate infrategillar bacula. The grains 
from the London Clay also have very short bacula 
nexine and the spinule-bearing tegilhain 


entiated, has shown 


pollen grains in \ 


between the 

The possibility of mis-identification has been ruled 
out because the pollen of Nothofaqus is distinetive and 
characteristic. Its occurrence could be accounted for 
either by: (1) the pollen being transported long 
disiances by sea (for example, from Australasia along 
the Tethys), or (2) its presence here in cooler upland 
areas, The first possibility is highly unlikely, although 
pollen has been known to cover considerable dis 
tances. while the second would be in accordance with 
what is implied by Bandulska’s discovery. 

In addition to members of disjunet groups dealt 
I have also obtained pollen of temperate 
example Betulaceae and Ulmaceae, from 
These families have not hitherto 


with above, 
families, for 


the London Clay. 
been recorded as megafossils at this horizon. Brett!®!! 


1,000) Recent V. obliqua ( x 750, photograph by Prof. Erdtman) 


J. Bot n the press) 
Childers. W. R., and MeLennan, H. A., Can 
Johansen, D. A., Plant Microtechnique MeGraw-Hill, New York and sap 
London, 104 
4 
. 
FEN ~ : 
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reported two temperate famulies (Cercidiphyllaceac, 
Faygaceae) preserved as petrified wood, These records 
of pollen and wood thus indicate the existence of a 
more temperate element (possibly an upland one 7) in 
the British Eocene flora, which is under-represented 
in the fruits and seeds of the well-known London Clay 
flora. Evidently the fossil pollen (and to a lesse: 
extent the fossil woods) represents a broader picture 
of the entire flora, and it may be that the fruits 
represent predominantly the swamp = association. 
Comparable results have been reported by Gray'*. 
who recorded the pollen of a number of temperate 
genera in the Eocene flora of Alabama, believed. on 
the evidence of megafossils. 


to have been tropical 


Ma KuHIN SEIN 


Botany Department, 
University College, 
London. 


Kryshtofovich, A. N New 
R., Nature, 181, 1763 (1958 
Couper, R. A., Proce. Row. Soc. Lond r 
‘Cranwell, Lucy M., Nature, 184, 1782 (195! 
Bandulska, H., J. Linn. Soe., 46. 427 (1924). 
*krdtman, G., Bot. Notiser, 113, 46 (1960 
Reid, E. M., and Chandler, M. E. J... The London Clau Fle 
Museum Natural History, 1933 
* Harris, W. F., New Zealand J. Sei. and Techn., 37, No, 6 
* Erdtman, G., Bot. Notiser, 118, 285 (1960), 
Brett, D. W., Ann. Mag. Nat. Hist., ser. 12, 9, 657 15 
Brett, D. W 3. 
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Proteolytic Activity of Crude Stem Extracts 
from Normal and Tumour Tissues of Plants 
effort to more fully the 
crown-gall) induced im plants by 
im tumelaciens, the proteolytic content in 


IN an characterize 
Turmmorous Tissue 
1qgrobacter: 
the neoplastic tissues of several plants was invest! 
vated. Although a have been 
tound with crown-gall’, no reports are 
available concerning proteolytic activities of such 
Recent findings of increased proteo 
neoplastic 


Variety of enzymes 


associated 


Tissue extracts. 
lytic activity im 
mdicate a need for measuring the relative quantity 


tissues? 
of proteases in comparable plant tissues. 

Greenhouse plants approximately 25 em. high were 
moculated by needle puncture into stem tissue with 
Is-hr. agar-grown cultures of virulent or attenuated 
strains of A. tumefaciens. Tumours developing on 
(Nicotiana Wisconsin) 
harvested approximately 5 wk. post-inoculation ; on 
Mammoth Russian 


Marzglobe 


tobacco tabacum var. were 
sunflower (Helianthus annus var 
and tomato (Lycopersicon esculentum var 
after moculation; and on (Phaseolus 
var. Black Valentine) Kalanchor 


daigremontiana, approximately 6 w k. post-inocula 


3 owk. beans 


ulqgaris and 
Ton. Comparable areas on control stems which had 
been punctured under sterile conditions or ino¢ lated 
with the avirulent strain // BN V6 were harvested at 
and the 
to be compared with ‘tumorous’ tissue in later tests 

The 


Lourdes 


the same time, constituted normal tissue 


excised tissue materials were ground in a 
model .VWM tissue-homogenizer for 75 sec, at 
approximately 16,000 
1 ©. A ratio of two parts buffer—potassiium chloride 
solution to one part wet weight of plant tissue was 
ised in the extractions for possible soluble fractions 
containing active proteolytic material, At pH 5-5, the 
buffer solution consisted of 0-1 acetate 1-6 potas 


chloride*; at pH 7-5, it consisted of 0-1 


rep.m., at a temperat ire ot 


NATURE 


tris(hydroxymethylaminomethane - maleate 1-6 M 
potassium chloride. The homogenized 
decanted into 50-mil. stainless steel 
centrifuged at 1° C. for 50 min, at approximately 
20.000g a Servall Superspeed refrigerated 
centrifuge. Supernatants were then 
desired pH and kept at 1° C. or frozen at a 4 

until used in the digestion-reaction experiments. The 
Lowry® method was employed for all O.D. readings 
20). The Folin—-Ciocalteu 
reagent Was used in a dilution of 1-to-1, and a 1-to-5 
dilution of supernatant from the TCA (trichloroacetic 
acid)-precipitated eliminate 
interference in the development of the colorimetric 


Tissue 


tubes 


was 
and 


adjusted to 


at 750 mu (Spectronic 


samples Was used to 
reaction, 

\ cdigestion-reaction 
buffer, 2 ml. demineralized 
urea-denatured bovine serum alburnin, 
and 1 ml 
stoppered reaction flask, and controlled at 35° © 
for lS hr. A 4-ml. aliquot was removed for the Lowry 
determination, and the remaining 4 ml. was employed 
as a final pH check on the reaction solution, which had 
previously been adjusted to the desired pH (buffer, 
substrate, and extract were all at this pH before 
addition to the reaction mixture). ‘Zero’ time systems 
containing exactly one-half the the 
respective reaction mixtures served as 
contro) (blank) comparator systems for all readings at 
A 5 per cent TCA solution was added to each 


consisting of 3 mil 


water, 2 


mixture 
mil. substrate 
fraction V). 
ylass 


tissue extract was contained in a 


quantities of 
digestion 


750 mu. 
zero’ system tnmediately before incorporation of the 
Spontaneous hvdrolysis controls for 
tested with 
low level of 


Tissue extract 
substrate and 
the other test 
taneous hydrolysis prevailed, no corrections were made 
for the final O.D. readings of the digestion reaction 
The results in Table 1 indicate that, with the excep 

sunflower and Walanchoe 
tissues, all other plants showed a much higher level of 


tissue extracts were 


SVSTOMS Since a spon 


tions of stem tumour 
proteolytic activity in tumorous tissue than in their 
normal counterparts. The readings for 
tumorous tissues consistently reflected, in part, the 
For example, 
when normal vielded O.D. 
readings of 0-080 and 0-023, their respective tumour 


proteolytic levels in normal tissues. 
tobacco tissue extracts 
tissue extracts resulted in O.D. readings of 0-345 and 
0-152. The total and protein nitrogen results appear 


NITROGEN CONTENT AND PROTEOLYTIC 
TS FROM VARIOUS PLANTS AT pH 5-5 


Table 1 COMPARISON OF 

ACTIVITY OF CRUDE STEM EXTRAC 
Normal tissue * Pumour tissu 

Fotal  Protei 

nitr OD 


ured ssues and tissues in 
ot A. tumefaciens 
tissnes inoct ed with A. tumefe 
(ATCO 
s based on aliquots fr an 18-hr. dige 
icro-K jeldahl 
Method of Markham (ref. & 


d to 75° C, f 10 min. inactivated the proteoly 


{ the reaction mixtures at terminatio: 
gross contamination. 


sacteriological examinations 
digestion period indicated no 


: 
4 
as 
| 
a 
i 
Protei 
yen yen ven 
750 mea mem mem 750 me mem mem 
mil ml, mi, ml 
Tomato 0-070 0-142 0-023 0-210 0-415 0-052 
Sunflower 0-035 ee 0-038 
Kalanchoe 0-022 0-022 
Kalan 
choe tt 0-028 0-047 0-013 O-111 0-214 
2& 
t 
ena 
at 
etivity. 
** Not done 
I t 
| 
Wits 
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to correspond to the relative proteolytic activities of 
normal and extracts from a given 
plant. However, it should be noted that no absolute 
quantitative relationship exists between O.D. readings 
and nitrogen contents. Until such time as one can 
evaluate the relative ratios between non-enzymatic 
(nucleic acid, nucleo protein, and 
proteolytic-enzyme-nitrogen, the relationship can 
only serve as an indicator of higher or lower proteo 
lytic activity within a single set of stem extracts. 
Reports of protease activity in leaf tissue of 
tobaceo*® and more pronounced proteolytic activity in 
leaf than in stem or root tissue in sovbean’ prompted 
a study of the relative proteolytic activity in leaf 
and Kalanchoe (Table 1) 
Vas Relexd ten] because ot ite low level ot act ivity in stem- 
The indicate a definitely 
higher level of activity in leaf tumour than in the 


tumour tinsue 


nitrogen etc.) 


normal tissues 


Tinsue extracts, results 
‘term tumour, although no apparent difference seems 
Lo exist In the respective normal tissues. Experiments 
are now in progress which are intended to evaluate 
the proteolytic relationship of leaf to stem tumour 
extracts of all the plants used in this work 

In conjunction with the results in Table 1, there are 
three additional observations: although the recorded 
results are based on freshly extracted material, extracts 
ot tobacco frozen for 64 days showed no diminution in 
activators such as 
eysteine-hydro 
proteolytic response 
and tumour extracts when 
ine orporated into the digestion-reaction mixture 
Weil et al.® reported a finding for 
proteases of certam aerobic bacteria with cysteine 


proteolytic Secondly, 
BAL (2,: 


chlormde actually 
ot both 


poteney. 
dunereaptopropanol) and 
decreased the 
normal tissue 
comparable 


Lastly, 


proluminary studies with stem extracts from 
and tomato at pH ranges from 2-5-8-5 
nicate that the best range for proteolytic activity 
ot the erude approximately 5 
Additional work with frozen extracts, extended pH 
for the and the effect of 
is now im progress. 

Che majority of our initial stem work was carried 
out at pH 5-5. Later experiments at alkaline pH 
indicated a low level of activity. It was 
thought advisable to find what relationship exists 
between the extracting pH and the digestion pH. 
The results in Table 2 indicate clearly that, although a 
tissue may be extracted at pH 7-5 (low activity), it 
still possesses an active proteolytic principle, which 
can be demonstrated by adjusting this extract to 
pH 5-5 (high activity) and carrying out the digestion 
at this pH. Conversely, if an active extract at pH 5-5 
is adjusted to pH 7-5 and the digestion reaction con 
ducted at this latter pH, there will be a very low 
level of proteolytic activity. 

In conclusion, it can be noted that crude extracts 
tissue of tobacco, tomato and 


obaceo 


extracts lies at 


ranges best activities, 


rangos 


from tumorous stem 
bean possess greater proteolytic activity than their 


ADJUSTMENT OF pH ON PROTEO 
TOBAC« 


. OF RECIPROCAL 
ACTIVITY OF EXTRACTS FROM NORMAL AND TUMOROTS 
Stem TIssve 


O.D.* 
pH of digestion — 
reaction ¢ Normal tissue | Tumour tissue 


pu ot 
extraction 


0-390 
0-010 
8-026 


0-270 


0-005 
0-010 
0-045 


* Digestion st 35° C., for 15 hr 
pH of extracts adjusted before addition to the digestion-reaction 
system. 
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respective normal tissues ; that no apparent difference 
in proteolytic activity between tumour and normal! 
stem extracts from sunflower and Kalanchoe can be 
demonstrated ; and that with an acid pH (5-5) of 
digestion there ix greater proteolytic activity than 
with alkaline conditions. 

We thank Miss Dorothea Williamson for the 
nitrogen determinations, and Drs. A. C. Braun and 
A. C. Hildebrandt for the B6 and A6K1 etrains of 
A. tumefaciens. 
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Fungal Colonization of a Developing 
Salt Marsh 


DurRtinG work on fungal colonization of a develop 
Gibraltar Pomt, Lincolnshire, 
PF555576 (a preliminary 
the rhizosphere 
changing 
fungal populations in the different areas of coloniza- 
tion by phanerogams. The number of fungal isolations 
from mud uncolonized by higher plants and from the 
rhizospheres of the common salt marsh plants are 
given in Table 1. Five Petri dishes per sampling site 
were inoculated with approximately 0-5 gm. fresh 
mud each month that samples were collected. This 
mud was covered with mud extract agar? (Warcup 
soil plate technique’) using larger inocula than recom 
mended in the original technique to compensate for 
the paucity of fungi in the muds as compared with 
normal soils. 

The percentage differences from bare nud have been 
calculated to illustrate the increased fungal coloniza- 


ing salt marsh at 
National Grid reference 
account of which has been given'), 


populations were used as indicators of 


OF FUNGAL ISOLATIONS FROM DIFFERENT 
SAMPLING SITES 


Table 1. NUMBERS 


Percentage 

difference 

from bare 
mud ¢ 


Average 
No. of | isolations 
samples per 

sample 


No. of 


| 
isolations 


Sampling site 


12:3 


jare mud 145 


A Low Salicornia* 162 
Lower Spartina 102 


B Middle Salicornia 
Upper Spartina 


High Salicornia 104 
Halimione 90 
Suaeda j 113 
Puccinellia 100 


* Plants grouped under A were sampled at the same horizontal 
level on the marsh: this applies equally to B and C 

t Percentage of difference = difference between number o! fungi 
isolated from rhizospheres and from bare mud, caleulated as a per- 
centage of the bare mud isolations 


4 
aa 
Gace 
. 4 
| 
a 32: oe 
il a3 24-4 
111 8 13-9 + 13-0 
97 10 97 21-1 
5°5 7 16° + 30-9 
7-5 7-5 eA 
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tion up the shore. ‘These changes may reflect the 
greater amount of organic matter present as a result 
of increasing cover by higher plants, and may also 
reflect the reduced periods of inundation by the sea. 
The exceptions to the general increase call for 
comment. The high Salicornia zone shows a smaller 
difference from bare mud than the lower Salicornia 
zone, and this is the more striking when compared 
with the results obtained from //alimione, Suaeda and 
Puccinellia at the same level. This may be a reflexion 
of the stunted growth of the high Salicornia plants. 
The two Spartina sites show a marked decrease in 
numbers of isolations compared with bare mud, and 
again this is emphasized by the increases obtained 
from the rhizospheres of nearby Salicornia plants. 
Depression in fungal numbers under Spartina may be 
a concomitant of the growth habit of these plants 
many, particularly those in the lower zone, grow in 
water-filled depressions where conditions frequently 
lead to the formation of black muds by the activities 
of sulphate-reducing and possibly other sulphide 
producing bacteria. Similar black muds are also 
fonnd in the upper Spartina zone, where there may 
be interpolated sandy horizons. A preliminary com- 
of non-reduced and reduced Spartina rhizo 
sphere muds indicates that it is the condition of the 
reduced muds (possibly the low Eh, or the toxic 
effect of accumulated sulphides) and not any inhibi 
tory effect of the Spartina which causes the depression 


4780 


parison 


in fungal numbers. 

Physiological aspects of this work are now being 
studied ecological aSpects are being prepared for 
publication 

Thanks are due to Prof. C. G. C, Chesters for his 
help in the preparation of this communication, and 
to Mrs. M. Turner and Mr. T. R. G. Grav for many 
fruitful discussions 

F. 

Department of Botany, 

University of Nottingham. 

' Pugh, G. J. F., in The Ecolegy of Soil Fungi (University of Liverpoo! 
Press, 1960) 

furner, M., and Pugh, G 
press}. 

Warcup. J 


J. F., Trans. Brit. Mycol. Soc. (in 


Vature, 166, 117 (1950). 


Molybdenum and the Fixation of 
Nitrogen in Myrica Root Nodules 
We have shown elsewhere! that nodulated plants ot 
Casvarina and Alnus, grown under conditions which 
entail dependence on the fixation of elemental nitro 
gen, develop symptoms of severe nitrogen doficiency 


g 
when deprived of molybdenum; this and 
evidence obtained is wholly consistent with the view 
that. as in other biological nitrogen-fixing systems, 
molybdenum fulfils an essential role in the fixation 
proceeding in the root nodules of these non-legumes. 
Work has now been extended to a third genus, 
Myrica. Young plants of ./. gale, from seed sown in 


other 


Fable 


Mean dry Mean 
weight per 
plant, mgm.* | 


Treatment 
dry matter 
2:76 


1-59 


+ Mo 557 
Mo 


Experiment I 


510 2-92 
150 1°05 


+ Mo 
Mo 


Experiment IT 


* Statistical analysis of the dry weight data showed the differences between treatments to be significant at P = 
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per cent 
nitrogen in plant } 


1033 


Fig. 1. Nodulated plants of Myrica gale after 12 weeks growt! 
in water culture with (left) and without molybdenum supplied 
(= 3/16). Photograph by Mr. R. Cowper 


peat (experiment I) or puriticd sand (experiment LL), 
were transplanted at the two-leaf stage into water 
culture in ‘Pyrex’ beakers, the culture solution being 
prepared from reagents purified from molybdenum at 
the Long Ashton Research Station. All elements 
known to be essential were provided, except that no 
combined nitrogen was supplied (apart from an 
initial addition of 0-4 mgm. ammonium-—nitrogen per 
plant in experiment I and 2-0 mgm. per plant im 
experiment 11, to sustain the plants over the period of 
nodule formation), while molybdenum ‘was omitted 
from certain cultures. Nodulation was secured by 
application to the root an inoculum 
prepared by crushing nodulés from field plants of 
V/. gale in water. The plants were grown by daylight 
the Botany Department, 
other details of procedure 


systems of 


in the greenhouses of 
University of Glasgow ; 
were as described elsewhere’. 

Nodules appeared some 2 wk. after inoculation 
followed, after a further interval, by the commence- 
ment of vigorous growth in the plants supplied with 
molybdenum, indicative of the onset of fixation of 
nitrogen in the nodules. The plants not supplied with 
molybdenum lagged behind in their growth and 
developed symptoms of nitrogen deficiency ; they 
were much reduced in stature and iad small, pale- 
green leaves. Fig. | illustrates the disparity between 
the two types of plant at harvest after twelve weeks 
growth in water culture, while results based on the 
examination of some twenty plants in each treatment 
are provided in Table 1. 

The results confirm the poor growth of the plants 
deprived of molybdenum and_ their deficiency in 
nitrogen, Fixation of nitrogen per plant, caleulated 
by deducting from the total nitrogen per plant (Table 
1) the mean nitrogen content of non-nodulated control 
plants, amounted to 15-0 mgm. ( | Mo) and 1-5 mgm 
(— Mo) in experiment I, and 13-7 mgm. ( Mo) and 


Mean total 
hitrogen per 
plant, mgm. 


Molybdenum, p.p.m. in dry matter 


Nodules Shoot Roots 

78-61 31-10 5-83 
1-58 O16 271 
33°94 
0-97 


52-34 


273-70 
0-93 


0-01 


- 
: 
| 
3 
Be 
3 
| 
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Mo) in experiment IL, Relative to plant 
size, nodulation was actually better in the plants 
deprived of molybdenum, since nodule dry weight 
amounted to 14-4 per cent of whole plant dry weight 
n thoir case, but only to 7-1 per cent where molyb 
denum was supplied (mean values for the two 
experiments). Where molybdenum was provided 
383 mgm. of nitrogen was fixed per gm. of nodule dry 
matter formed, whereas the corresponding values for 
the molybdenum-deficient plants was only 83 mgm. ; 
thus with molybdemum available, the nodule tissues 
were nearly five times more effective in fixation 
Certain plants, deprived initially of molybdenum, 
were supplied with the element at an intermediate 
stage and showed obvious benefit within a few days 

The results in Table | also indicate the high accumu 
lative capacity of the nodules for molybdenum. The 
higher molybdenum content, particularly in nodules 
and roots, shown in the plus-molybdemum plants of 
experiment I] is possibly related to the circwmnstance 
that this experiment was conducted during the most 
favourable period climatically (May August). In 
both experiments 0-05 p.p.m. of molybdenum was 
supplied in the culture solution where appropriate 
some 17 per cent of the total supplied being absorbed 
by the plants in experiment I and 34 per cent in 
experiment IT. Of the total molybdenum present in 
the plants at harvest, 24 per cent was in the nodules 
when molybdenum was supplied and 32 per cent when 
it was not, 

The above results closely resemble those obtained 
n experiments with Casvarina and Alnus', and point 
to a special role for molybdenum in fixation in 
Vuyrica nodules also. A further finding of possible 
significance is that the two samples of field nodules of 
VV. gale examined in this work proved to have molyb 
denum contents of 3-04 and 1-40 p.p.m. in the dry 
matter respectively ; the latter value is of the same 
order as those for the nodules of planta eultured 
without molybdenum which fixed little nitrogen 

Technical assistance was provided by Miss K 
MeCormick and Mr James 


Bonp 


Botany Department, 
The University, 


Glasgow 


Hewirr 


Long Ashton Research Station, 
The University 
Bristol. 


Gibbereliin Action on Growth of 
Seedlings in the Absence of Photosynthesis 


\ wasor effect of gibberellins on growing seedling 
in often an increased weight, especially the 
hoots growimg inthe light'. These and other observa 

ons have frequently led to suggestions that this 
particular gibberellin effect may be related to an 


} We have 


nind, however, that in light-grown seedlings that are 


mecreased photosynthet i carbon-fixation 


prevented (by darkness) from performing photo 
svnthesis, gibberellic acid can increase their dry 
we ight over water. ontrol seedlinys The effect of 
vibberellic acid in these experiments thous cannot be 
attr buted to either direct o wubirect actions on 


photosvnt het tr fixation 
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Wheat. Triticum qare, Var. Thorne, was germun 
ated on ‘Lucite bars wrapped with rHomt paper towe 
in covered germinatmg dishes at 235 1° C. during a 
16-hr. day (~500 ft. candles white light) and 17-5 

1 C. during the night. Four davs after sowing the 
seedlings were transferred To peru anont ly 
with or without gibberellic acid. Plants. the heights 
of which differed by less than 2 mimi., were paired so 
that within each experiment the population receiving 
treatment with gibberellic acid was comparable with 
thie corresponding water controls Secdlimgs were 
on TWO pieces of Whatman No. filter paper 
momtened with 25 mil. of sehitions, all at about pH 
The dishes were kept im 


5-7, im Petri dishe 
light-proof wooden boxes in the same growth-room 
The plants remained in complete darkness except for 
a few moments of low-intensity green light while 
watering. After 4 days im darkness the shoots and 
roots were detached from the seutella, washed. and 
dred in an oven at 60°C, at ! All plant 
material from a given experiment was dried tor 3 days 
and ground in batches to a fine powder in a Wiley 
Mill using a 40-mesh sereen. Within each batch the 
ground material thus was muxed so that portions 


removed for analysis were homogeneous and r present 


east overnight 


ative of the entire group ot shoots or roots after each 
treatment (treated with gibberellic acid or control 
Total carbon was determined by a modified Pregl 
method? Soluble earbohvadrat« Wiis extracted inh 
boiling water and analysed by the anthrone method 
Total nitrogen was determined by a muicro-Durnas 
method?. Protem was determined by the method of 
Lowry etal.4. In all these analyses duplicate seanples 
never differed by more than a few per cent 

The dry weights of 8-dav-old seedlings whi h had 
been transferred to darkness with or without 
gibberellic acid when 4 davs old are listed in Table 1 
In all experiments the plants weighed approximatels 
two to three times more at 8 days than they did at 
+ days The treated seedlings, compared to control 
edlings. showed ty pical cibberellin ettects : greater 
ilrv weight of the shoot, less drv weight of the root 
and im most Cases a greater ary weight of the 
whole plant Uptake of the gibberellic acid itself 
could not have been suflicient to cause these differen 
cos in drv weight. Treatment with sucrose during the 
$ days in darkness did not significantly alter the 
results 

Chemical analvses of dried shoots and roots from 
me experiment are given in Table 2. The increases 
total carbon. soluble ecarbohy drate. total ni rogen, are 


protem im the shoots treated with wibber it 


Dry oF WHEA 
CID IN DARKNESS SEEDI 
TREATED, 5 DAY 


ree 

ae 

an 
EK. J. 
Hewitt, FE. J., and Bond, G., Plant and Soi n the pr og 
fable 1 NGs TREAT WITH ¢ 
ELLI \ IN‘ WERE 4 DAYS I SHEN 
WHEN DRI 
su ‘ ‘ ht ant 
! 
4 
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CHEMICAL AN 


were approxunatoly proport onal to the dry weighit 
increase 

exposed to light durme 
the time the acid 
there could be no photosynthesis while the acid was 
dry The acid 
could not be related in any way to 
The 
plus photosynthesis that occurred 
ibberellic acid were sufficient to produce the dry 


Sines the plants were 


were m contact with relli 


Th 


increasing the weights gibberotlic 
effects therefore 


photosynihetie fixation endosperm: reserys 


before treatmen 
with g 
Wwe ivhit IMCTeases, Since the ion of sucrose did 
alter the results. The 
soluble carbohydrate, To 


proportion: 


tO 
inereases in total carbon 
nitrogen, and proteim + a general acceleration of 
growth under conditions in which neither carbon mor 

This effect of acid 


on seedling growth proper, 


mitroverm ms cleti gibberolle 


treatment in darkne 


and has no relation to any action of the acid in 


breaking dormancy, because the plants were not 


treated wih the acid until 4 days after sowing, 
high. 
Its are consistent 


when 
they several em 


These resu 


were 
with the findimg tha 


acid does mot merease cures tly either the 


cibberelle 
rate or the pattern ot photosynthetic oe O, fixation 
They also weaken 


in short-time experiments’. 
tions that dry weight increases from treatmemn with 
attribuied to 

The faet 
increase in 


gibbercllic acid must necessarily be 
indirect effects on photosynthetic fixation 
that leaves treated in the light do 
chlorophyll content even though they imerease in 
area® is further evidence against the theory that 
fixation is inereas*d because of a greater photosyn 
thetic area In his argument that fixation is 
increased by an accelerated mobilization of photo 
Alvirn® equated photo 
svnthesis with ‘net e’, Although we 
do not question that vibberellic acid can mere 

wsimilation, we do question that such increased net 
related to an 


not 


avnthate, apparently has 


assimilation Tra 


assimilation must necessarily be 
increased photosynth tie fixation, 
but a part of the complex of many anabolic and 


determme net 


Photosynthesis is 


which together 
inclined to believe that an 


catabolic processe 


assimilation. Thus we are 
increase in dry-maiier content in plants treated with 
gibberellic acid in light does not necessarily result 
from either direet or indirect 
synthetic fixation, but can be attributed to altered 
itilization of photosynthate and other metabolites, 


Coulombe and Paquin’ 


increases photo 


regardless of them origin 
reported transient changes m transpiration as well as 
both and photosynthetic net 
exchanges of carbon dioxide after treatment of tomaco 
gibberellic acid. To knowledge, 
however, no one has demonstrated that gibberellm 
treatment can mcrease photosynthetic fixation, that 
is, the light-dependent reduction of carbon dioxide in 


VAaASCOUS 


respiratory 


laaves with our 
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TREATED WITH GIBBERELLIK 


plants in exp 
vreen tissues. Products derived from photosynthesis 
undoubtedly are mvolved im the 
underlie the 
livht-grown plants, just as 


metabolr Processes 


acid oft 
are involved in other 


Pesporse 1 


they 


which 
aspects of plant metabolism But at the present time 
doubtful whether gibberellic acid generally 
drv weight by 


mecreases shoot increasing photosyn 


thetic fixation 


Avan H. HaBer 
L. Carrier 
N. JEAN Esnocus* 
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Oak Ridge National Laboratory.t 
Oak Ridyve, Tennessee, 


m David Lips 
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Lnergy Commission 
Brian, P. W., Biol. Rev., 34, 37 
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rendon Pr 
em., 24, 219 (195 
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ind Wilson, H 


Plant Phys 
and Haber, A. Hl vture, 186 
and Yamaki, 7 ce, 129, 807 
I Plant Physwl 
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GENETICS 


Non-disjunction of the Sex-chromosomes 
in the Male of Drosophila melanogaster 
THE that 
have a chromosomal 
interest the 
Theoretically, non-disjunetion may occur in both the 
either the first or 
give rise to a con 


human abnormalities 
stimulated renewed 


cortain 
has 


discovery 
basis 
phenomenon of non-disjunction 


male and female germ cells at 
second meiotic division and may 
siderable variety of non disjunctional types in the 
progeny. In practice, only non-disjunction occurring 
at the first meiotic division in oocytes has so far been 
studied in Drosophila, 


reports the occurrence of spontaneous non disjunction 


The present conununication 


of the sex-chromosomes in Drosophila males 

The scheme used involves brown-variegated, bwV 4, 
an inversion originally obtained by H. J. Muller in 
the second chromosome which, in combination with 
the sex-linked gene vermilion, v, produces a charac 
teristic yellow eve colour. This position effect of 
hwVA is suppressed by the presence of an extra 
Y-chromosome, so that males of the genotype XYY 
and females of the genotype XX Y exhibit the bright 
red eye colour normally associated with v. With the 
aid of this scheme, a search was made for the presence 
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of XXY and XY} individuals in the progeny of 
normal X Y males and XX females. Markers on the 
paternal and maternal X-chromosomes were used to 
decide whether non-disjunction had occurred in the 
father or the mother. The presence of an additional Y 
in the exceptional individuals was confirmed by 
progeny tests. 

In addition to the already known types of non 
disjunction, the following new ones oceurred : 

(1) XX Y fornales with one paternal and one mater 
nal X, which thus must have arisen through fertiliza 
tion of a disjunctional egg by a non-disyunctional X Y 
spermatozoon 

2) X YY males with a maternal X. These probably 
arose through non-disjunction at the second meiotic 
division im the male. An alternative mterpretation 
cannot be excluded, however. Lamy! found a small 
proportion of patroclinous XXY daughters with 
detached X's among the progeny of attached-X 
females and attributed their occurrence to equational 
doubling of the X-chromosome in the sperm. She did 
not consider the possibility of non-disjunction at the 
second meiotic division. The frequency of XX Y 
fomales in her experiments was considerably higher 


than that of XY YY males im those reported here. If 


Luna-de-Faria’s*? observation that, in grasshopper 


chromosomes, Cuchromatin divides more rapidly than 
he‘erochromatin, should apply also to the chromo 
somes Of Drosophila, equational doubling of the Y 
may take place very rarely or never 

The results obtained in this preluminary observa 
tion do not yet permut accurate quantitative estimates 


of the frequencies with which the various types of 


non-disjunction take place. The approximate fre 
quencies, however, appear to be of the order of 0-0] 
per cent for type (1) and 0-004 per cent for type (2) 
The accurate frequencies as well as a possible influence 
ot parental age will be determined in a more compre 


hensive investigation 


P. J. KeELSALI 


Institute of Animal Genetics, 

University of Edinburgh 

Lamy, R., Drosophila Information Service, 23, 01 (1945 
Lima-de-Faria, A Science, 130, 503 (1959 


Determining Mating Type in Neurospora 
without Crossing Tests 


Strains of Neurospora crassa belonging to either A 
or a mating type are morphologically indistinguish 
able. Mating type determinations are usually made by 
observing whether perithecia occur after crossing 
strains of unknown mating type to A and a tester 
strains. The tests are usually run either in two series of 
culture tubes or in pairs of Petri dishes. The use of 
tester strains on a large scale, however, may become 
laborious, ambiguous tests have to be re-run, and 
infertility sometimes confuses the results. 

An alternative method which has been found useful 
for sex-testing numerous progeny from crosses 
employs a strain unable to grow on complete medium 
at elevated temperatures due to a mutant allele very 
closely linked to the mating-type locus. This strain, 
unknown (55701) (un), grows slowly on minimal 
medium at 25° C., but is stimulated by addition of 
acetate. At 35° C., however, no growth occurs on any 
medium yet tried’. un has shown very close linkage 
with mating type in tetrad analysis, no recombination 
between these two loci having as yet been obtained 
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Table 1 CROSSES SHOWING LINKAGE OF un(55701) To see 


Recombination between 


(ross No. of asc un and ser 
1A x una 35 None (4) 
vis A x une 16 None (4) 
pyr(68902) A x una 22 None (4 
74A x unad-ia None 
ad-5 A « una 21 None 
froat A « una 40 None 
frost leu-3 A x unad-5a bt None 
leu-3 A © una 18 None 
leu-3 A = unad-5a 30 None 

Total 335 


* Fiducial upper limit of recombination frequency between wn and 
sex at the 5 per cent level is 0-011 


(Table 1). Since no recombination has been obtained, 
all the derived strains of wn at present known are of 
the same mating type, a, as the one in which this 
mutation was originally induced? 

In practice, the un allele is incorporated into one of 
two parental stocks prior to crossing these two stocks 
with each other. Segregants isolated from the cross 
either by dissection or by sorbose plating’ are placed 
in culture tubes of complete medium and incubated at 
25° C. until initial growth verifies isolate viability. 
Complete media should include 333 mgm. sodium 
acetate per litre to stimulate growth of un at 25° C 
As soon as initial growth occurs the tubes are trans 
ferred to 35° C. for 24-48 hr. Tubes should be placed 
at 35° C. only after initial growth is observed, because 
germinating wn ascopores or incipient “» mycelial 
transfers die if held excessively at 35° C 

The tubes which show no further growth at 35° C 
contain the un allele and are, with high probability, 
of the same mating type as the un parent used in the 
cross. The tubes showing completed growth at 35° ( 
contain the un+ allele and are. with high probability, 
of opposite mating type. All tubes are then returned 
to 25° C. where the un isolates will complete growth 
No crossing tests and no subeulturing are Necessary 

Alternatively, scoring may be done exclusively at 
25° C. by omitting acetate from the medium. In this 
case the un allele is readily distinguishable by 
markedly slow growth, prov ided no other s« wregating 
markers give sub-wild growth-rates 

The un segregation method is especially convenient 
when large numbers of segregants have to be scored for 
mating type. Investigations in which chromosomma! 
aberrations such as translocations are being followed 
or where the mating type locus itself, for example, 
tnay require the sex-testing of numerous progeny. In 
such cases it seems more efficient to incorporate 1 
into a parental stock and follow un segregation by 
means of temperature variation or slow growth-rate 
than to cross each isolate to two tester strains 

The accuracy of the method depends on the strength 
of the linkage between the un and sex loci. So long as 
this linkage holds, segregant mating types may be 
identified by the un phenotype. The method may be 
used with both visible and nutritional mutants 
prov ided none possesses the un type of temperature 
sensitivity. 

H. Brancn Howr, sun. 
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FORTHCOMING EVENTS 


( Meeting marked with an asterisk * is open to the public) 


Monday, June 12 
INSTITUTE OF CANCER RESEARCH sOYAL CANCER Hospital (in 
the Conference Room of the Chester Beatty Research Institute, 
Fulham Road, London, S.W.3), at 3 p.m.—Prof. Antoine Lacassagne : 
First Sir Ernest Kenneway Memorial Lecture. 


BRITISH SOCIETY FOR THE PHILOSOPHY OF SCIENCE (in the Joint 
staff Common Room, University College, Gower Street, London, 
W.C.1), at 5.30 p.m.—Prof. M. Munitz: “The Logie of Cosmology” 


Tuesday, June 13 


Zoological Gardens 
Scientific Papers 


SOcTETY OF LONDON (at the 
London, N.W.1), at 5 p.m 


ZOOLOGICAl 
Regent's Park 


Wednesday, June 


UNIVERSITY OF LONDON (at the Postgraduate 
Londen. Ducane Road, London, W.12), at 2 p.m.—Dr 
Fell Tissue Culture in Experimental Pathology” 


Medical School of 
Honor B 


Foop Grove (at 14 Belgrave 


SocireTY OF CHEMICAL INDUSTRY 
Mr. N. T. Gridgemar The 


Square, London, 8.W.1), at 6.15 p.m.- 
Sensory Appraisal of Food” 

Women’s ENGINEFRING SOciETY (at “Hope House”, 45 Great Peter 
street, London, 8.W.1), at 7 p.m Annual General Meeting 


Thursday, June [5 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society 
f London, Burlington House, Piecadilly, London, W.1), at 4 p.m 
Annual General Meeting. 5.15 p.m.—Mr. A. R. O. Williams: Presi 
dential Address 

ROYAL Society (at Burlington House, Piccadilly 
4.30 p.m.—Mr. J. A. Shannon: “The National Institutes of 

Programmes and Problems” 


London, W.1), at 
Health 


MATHEMATICAL Society (at the Royal Astronomical 
use. Piccadilly, London, W.1), at 5 p.m 


LONDON 
Society, Burlington H 
Prof. V.C. A. Ferrari 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

DEMONSTRATOR IN ORGANI 
sity College of North Staffordshire, Keele, Staffs (June 14) 

ASSISTANT LECTURER IN THE GEOLOGY DEPARTMENT TO TEACH 
MINERALOGY —The Registrar, King’s College (University of London) 
Strand, London, W.C.2 (June 16) 

ASSISTANT LECTURER OR A LECTURER IN APPLIED MATHEMATICS— 
The Secretary, Bedford College (University of London), Regent's 
Park, London, N.W.1 (June 17). 

ASSISTANT LECTURER (with an honours degree or its equivalent 
and a special knowledge of crop and grassland production) IN THE 
DEPARTMENT OF AGRICULTURE —The Registrar, University College 
of North Wales, Bangor, North Wales (June 17) 

LECTURER (well qualitied academically, with teaching, and_prefer- 
ably some industrial experience) IN ORGANIC CHEMISTRY at Hendon 
rechnical College—Clerk to the Governing Body, Town Hall, Hendon 
London, N.W.4 (June 17) 

LECTURER (with a good honours degree in mathematics and in- 
terested in mathematical statistics or in economics with statistics) 
fO TEACH MATHEMATICS AND MATHEMATICAL STATISTICS to Institute 
of Statistics and economics degree finals standard—The Director ot 
Edueation, The Polytechnic, 309 Regent Street, London, W.1 
(June 17). 

RESEARCH DEMONSTRATOR (graduate in geology), to engage In 
research: and «a RESEARCH ASSISTANT (graduate in geology or 
chemistry, or graduating this year), to assist the Professor of Geology 
in a study of the structure and composition of fossil and recent she tls 

The Registrar, University College of Swansea, Singleton Park 
Swansea (June 17). 

RESEARCH STUDENTS (with the degree of Bachelor or Master of a 
British University other than Manchester) IN SclENck—The Regis- 
trar. The University, Manchester 13 (June 17) 

SENIOR LECTURER/LECTURER (qualified in applied mathematics) 
IN MATHEMATICS —The tegistrar, University College of North 
Staffordshire, Keele, Staffs (June 17) 

LECTURER IN THE DEPARTMENT OF PHYSIOLOGY—The 
The University, Aberdeen (June 18). 

LecTURER (Grade Il) IN THEORETICAI 
Che University, Bristol & (June 19). 

SENIOR LECTURER IN MATHEMATICS OR APPLIED MATHEMATICS 
at the University of Natal, Durban, South Africa—The Secretary, 
Association of Universities of the British ¢ ommonwealth, 36 Gordon 
Square, London, W.C.1 (South Africa and London, June 20) 

GRADUATE IN MECHANICAL ENGINEERING OR APPLIED MATHP 
MATICS, to conduct research on an aspect of vibration concerned 
with transport-——-The Secretary, University College, Gower Street, 
London, W.C.1 (June 24) 

LECTURER IN CROP PrRopUCTION—The Secretary, Wye 
(University of London), near Ashford, Kent (June 24). 

LECTURER IN METALLURGY — The Registrar, The Manchester College 
of Seience and Technology, Manchester 1 (June 24). 


CHEMISTRY—The Registrar, Univer- 
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ASSISTANT LECTURER (preferably with qualifications in sediment: 
logy and an interest in recent sediments) IN THE DEPARTMENT OF 
GEOLOGY—The Registrar, University College of Wales, Aberystwyt! 
(June 

ASSISTANT LECTURER (preferably applied mathematician) IN TH} 
DEPARTMENT OF MATHEMATICS-—The Registrar, Queen Mary College 
(University of London), Mile End Road, London, E.1 (June 30) 

LECTURER IN PHILOSOPHY at Monash University, Clayton, Victoria 
Australia-—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Australia and 
London, June 30) 

LECTURER (with a science degree with zoology as a major subject 
followed by postgraduate experience leading to a higher degree and/or 
to published work) IN ZOOLOGY at the University of Queensland 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Australia and 
London, June 30). 

RESEARCH ASSISTANT (with special interests in climatology and 
meteorology, and ecology or physical geography) IN GBOGRAPHY 
The Secretary, The University, 38 North Bailey, Durham (June 30) 

RESEARCH FELLOW (honours graduate in chemistry, biochemistry 
or agricultural chemistry) IN THE DEPARTMENT OF SOIL SCIENCE 
to study chemical changes in forest litter --The Secretary, The Univer 
sity, Aberdeen (June 30). 

BLOCHEMIST (with experience in tracer techniques) IN THE DIVIstoN 
OF EXPERIMENTAL BIOLOGY AND VIROLOGY—The Secretary, Imperial 
Cancer Research Fund, Lincoln's Inn Fields, London, W.C.2 (July 1 

CHAIR OF PHILOSOPHY in the University of Auckland, New Zealand 

The Secretary, Association of Universities of the British Common 

, 36 Gordon Square, London, W.C.1 (New Zealand and Londor 


LECTURER \ with a good honours degree) IN PHILOSOPHY at Fourah 
say College, The University College of Sierra Leone Phe Secretary 
Inter-University Council for Higher Education Overseas, 20 Woburn 
Square, London, W.C.1 (July 5). 

CHIEF OFFICER (with a recognized degree or equivalent qualification 
in botany, agricultural botany or agriculture, and preferably ex 
perience in laboratory organization and staff management) OF TH} 
OFFICIAL SEED TESTING STATION-—-The Secretary, National Institut: 
of Agricultural Botany, Huntingdon Road, Cambridge (July 7) 

LeoTURER IN PsycCHOLOGY at Rhodes University, Grahamstow: 
South Atrica— The Secretary, Association of Universities of the Britis! 
Commonwealth, 36 Gordon Square, London, W.C.1 (South Africa and 
London, July 7) 

SENIOR LECTURER IN PSYCHOLOGY at the University of Melbourne 
Australia The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Australia and 
London, July 15) 

SENIOR LECTURER (with experience in concrete technology and 
structural design) IN CIVIL ENGINERRING at the University of Mel- 
bourne, Australia—-The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (Australia 
and London, July 25) 

CHAIR OF ORGANIC CHEMISTRY apd CHAIR OF CHEMISTRY it 
the University of Melbourne, Australia— The Secretary, Association 
of Universities of the British Commonwealth, 36 Gordon 
London, W.C.1 (Australia and London, July 31) 

KEADER IN MATHEMATICS at the University of Western Australia 

The Secretary, Association of Universities of the British Commo 
wealth, 36 Gordon Square, London, W.C.1 (Australia and Londo: 
July 31) 

SENIOR LECTURER-IN-CHARGE OF THE DEPARTMENT OF PHARMA’) 
University of Otago, Dunedin, New Zealand— The Secretary 
tion of Universities of the British Commonwealth, 36 Gordon Square 
London, W.C.1 (New Zealand and London, July 3) 

LECTURER (with a degree) IN AGRICULTURAL CHEMISTRY (ANIMAI 
NUTRITION ind a LECTURER (with a degree or diploma) IN AGRI 
ULTURE (Economics) The Principal, Harper Adams Agricultural 
College, Newport, Shropshire 

POSTDOCTORAL FELLOW IN ORGANOPHOSPHORUS CHEMISTRY Tlie 
Secretary, Department of Chemistry, King’s College (University 
London), Strand, London, W.C.2 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Square 


Great Britain and Ireland 


Northampton College of Advanced Technology, London. Report of 
the Governing Body for 1959-60, Pp. 19. Examination Successes and 
Prizes, Session 1959-60, Pp. 27. (London Northampton College of 
Advanced Technology, 1961.) a 

Ministry of Edueation: Central Advisory Council for Education 
Wales). Technical Education in Wales. Pp. ix + 146. (In English and 
Welsh). (London H.M. Stationery Office, 1961.) 7s. net [203 

Imperial College of Science and Technology. Postgraduate Courses 
1461-62 Pp. xii+ 114 London Imperial College of Science 
1961.) 

Why a Census Why do we Need It? How is it Carried 
What Questions will be Asked ? Pp. 31. (London: H.M. Stationery 
Offtee, 1961.) 1a, net. [223 

The Royal Society and Nuffield Foundation Commonwealth Bur 
saries Scheme. Seventh Annual Report Pp. 7. (London Rova!l 
Society and Nuffield Foundation, 1961.) 2 

Institute of Petroleum. A (ilossary of Petroleum Terms 
George S« Third edition, revised and 
London: Institute of Petroleum 

Bee Research Association. Handbook, 1061 
Hon. Publications Secretary, Hee Research Association, 1! 
Grove, 1961.) 1a 

Government of Northern Ireland 
No. 47 Sheep Husbandry Pp. 26. 
Farm Crops. Pp. 15, (Belfast 


[223 
Edited by 
enlarged. Pp. vii+3% 
1961.) 5s 1233 


Pp. 20. (Maidstone 
Poplar 
(233 
Ministry of Agriculture. Leaflet 
Leaflet No. 86: Manuring 
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Small Air Compressors 
Vacuum & Liquid Pumps 


Please visit us at Stand 42 
Laboratory Apparatus and Materials Exhibition 
19th-22nd JUNE, 1961 
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The MU 19 60 Double-ended Air Compressor, 
illustrated here, may be used in 
parallel, series or independently. 

Pressure 0-50 P.S.I. 

Vacuum 0-28" of Mercury 

F.A.D. 0-92 C.F.H. Oil Free 


CHARLES AUSTEN PUMPS LTD 


Petersham Works, High Road, Byfleet, Surrey. 
Telephone : BYFLEET 43224 


Plan Ahead 


by effecting now “‘the young man’s policy” which 
gives to a man under 35 immediate life assurance 
right to effect 


assurances even though 


cover at low cost and the valuable 
within ten years further 
his health has become impaired 

has no shareholders and pays no 


The Equitable 
business; 


commission for the 
unusually attractive terms can, therefore, be offered 


introduction of 


Write today for details te 


The Equitable Life 
Assurance Society 


(Founded 1762) 
Head Office > 19 Coleman Street, London, E.C.2 


Please send me, without obligation, details of the young 


man’s policy 


micro 
hammer mill 


for rapid 
analytical 
grinding 


Pulverises samples of a few grammes with 
practically complete recovery for analytical 
work. Only 30 to 120 seconds required for 
disintegration of majority of substances 
Crushes stone, coke, peat, bone, chemicals, 
wood, grain, wool, cotton, roots, hay, straw . 


Stainless steel grinding mechanism. Variable-speed 
motor for better grinding control. Quickly inter- 
changeable slide-in screens for accurate particle size 
adjustment Dustproof closure Mill swings wide 
open with a mere turn of a thumb-nut allowing rapid, 
easy and thorough cleaning. Maximum charge 120c.c 
available 
s tor ultra-fine dry and wet grinding for X-ray — 


electron microscopy, powder metallurgy. etc Ai 
oling jacket. Other sma!) scale laboratory mills 


GLENCGRESTON LTD. 


37 The Broadway. Stanmore, Middlesex. 
Telephone: Grimsdyke 4218 


THE ARROW —_? 
PROJECTION TORCH 


The Arrow Projection Torch is de- 
signed for use wherever teaching 
is accompanied by screen illustra- 
tion. An arrow of high intensity 
illumination is projected, and may 
be focused to any distance from 
6 to 40 ft. 


Now reduced in price 
A descriptive and illustrated pam- 


phiet is available and this will be 
gladly sent on request 


RAYNER 


160 NEW BOND STREET, LONDON, W.1 
Telephone MAY fair 0128 
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APPOINTMENTS VACANT 
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WEST OF SCOTLAND BLOOD 


TRANSFUSION SERVICE 
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AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


RESEARCH STAFF 


(No 233) (Several Positions) 
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EXPERIMENTAL OFFICER 
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é700 rising to £1,150 pa. | rilable 
tt slary lepend | SALARY Depend qualifications and experience w ‘ £A.1,620 
ficat and cAper | £A 1,950 pe sum fA 7.070 £42,330 per annum 
pa rs | nar #4 180 ner annur ess ‘ha rre j cs ner 
' i th ‘ 
j 23. 1961 | Fares pa Furth supplied applica 
Mr E. J. Drak Lia on Off Au 
Africa House, Kingsway, I WO? 
whor plications eva App ne mber i idressed 
Gradt 
at r the National Health Serv (Scotland Dr G. R. Bark the hen n 
| ‘ shane | and sta anagement ix also desiral 
gulanons, The work will be carried out in the | chemistry cic acids. It is expected that | c 
mmencing salary ¢1.840 annua nerements 
R ‘ Sins th MeTSON i use the work wards 
4 
Ormond Street, W giving age trar, to whom applications (four copies), | should 
jualifications hould be sent by July 1, 1961 ford, Herts, by June 30, 
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AUSTRALIAN NATIONAI 

UNIVERSITY 

INSTITUTE OF ADVANCED STUDIES 

JOHN CURTIN SCHOOL OF MEDICA 

RESEARCH 

RESEARCH FELLOWSHIP IN PHYSICA 
BIOCHEMISTRY 
re invited { R 


NEW ZEALAND 
EDUCATION DEPARTMENT 
a ’ inderm 
\ Inspect 
Head (Off 

N 


Hie 


MINISTRY OF AGRICULTURE, FISHERIES 
Pens vable p 1 Rewis 


Ww 
ARC, 


AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL RESEARCH 
ORGANIZATION 


POST-DOCTORAL FELLOWSHIPS 
IN PROTEIN CHEMISTRY 


galing Various 
e which has 
on 


lity 


rn f j Further particulars of ndit et SUPT 1 application t 
Mr. t 1. Drake, Chief Scientific aison Officer, Australian Scientific Liaison Office, 
Africa House, Kingsway, London, 2. 
» whom application quotng 


dueust 19, 19¢ 


PLANT PROTECTION LIMITED 


: subsidiary company of IMPERIAI CHEMICAL INDUSTRIES 
LIMITED) 


requires a ZOOLOGIST in the ENTOMOLOGY’ section 
RESEARCH AND DEVELOPMENT DEPARTMENI 
IFALOTT’S HILL. near BRACKNELL. BERKSHIRE 


Applicants should possess a good honours degree in ZOC LOGY 
and postgraduate experience in branches of that science. They should 
not exceed 35 years of age, and should write in the first instance 


viving brief particulars only, to THE STAFF OFFICER, PLANT 
PROTECTION LIMITED, FERNHURST, HASLEMERE, SURREY 


EXPERIENCED CHEMIST METALLURGIST 


who wants to help prepare highly ¢ 1 tera 
! ah 
ted t 
Salary 


the Group Personnel Officer. Albert FE. Reed & Co. Ltd.. 
Larkfield, ar. Maidstone, Kent, 
’ refercm M GR 10 


2 
NATURE coexly on 

| 

4 | 

ship the D P emistry at 

nd interest in phys hemical aspects of | 

The Research | The Organiza Division Protein Chemis M wit 
Ww i wed reasonat scop n eradu emistry Physics Post-D Fe wships 
nis ren Anp i ive resear experie either i ein field or with 
I Salary rang for Resea Fe AS yhysica mica echniques vould find app his field 
innum imitial salary will depend on qualift aspects of protein structure and try The prot research program 
ad experi Appointmer tor thr een developed by tt Ip over the past twelve years provides an excell 

possit maumum of gaining exper t f j A wide rang f research juipment for ca 
physico chemica biophysical an hist gica tudies proteir s available and a 

rannuation n FSStI hoice of projects relating to both fibrous and globular prot bx tered for 

Reas ray xpenmses a pa nd assist selection 

ance Ihe | vs ire offered yeriod ree yea 
summary f appointment SALARY Commensurate with qualifications and xperien minimum offered 
vailable from S Ass f £A.1.7°50 per annun Pp to a maximum of £A.2,720 per annum Salary tor women 

L niversities Rr » Comn w 4.18 t f 

Applications 1 Aus a and London 

tained from the Head of the Departn 

ssor A. G. Oxgston. F.RS 

Tech 

jevelopment vf Semor Technica education 

= Locatior The app b attached 
Head Office, Wellington, but may be required 

to wave anywhere n New Zealand Salary 
yee The salary range for the position is trom £1,600 He es 
t £1,900 per annum Commen g salary will 
jepend on experier and qualifica s of the 

applicant. and is payable from the day of taking 

p duty in New Zealand Qualifications ADp 
ints should be well qualified in chemistry or 
of the biological sciences, and should, if 
possible, have had industrial as well as teaching 
xperience Conditions: The successful app 
ee ant will be expected to take up duties in New Ol tts { eS 
Zealand as soon as possibk Passages: Steamer it 

; fares of up to £172 each for the appointee and H if 
Vee his wife, and pro rata for dependent children Het 
will be paid Incidental Expenses Up to £35 
Pied for a single person and £100 for a married man ; a 
an be aimed & ver the st of taking per 

sona flects to New Zealand 
Bie nit Application forms ang further deta are avail Ee 
ae able from the Hh Commissioner for New Zea \ 
and, 415 Strand, London, >. with whom 4 
fe applications will close 1 June 26. 1961 Please see 
quote referen B13'6'1 when inauirine 

tor Scientif 
Officer b) Scientific Officer. for research int 

i ( widerat tray ny nvolved 

nd und 4 st 2 nd und Ex | 
n tor andidates with res ur Force ser ee : 
ind Owerseas Civ Sery Qualifica 
sormally a deeree Din.Tech. with firs 
id-class honour n physics. mathematics 

st | f grassiand husbandry inimal manage 
with eenera ittura hacker ad vacan an App Mathema n the Group 
Car drivin necessa Add allv. for R arch Departmen Reed Group Tt Departmen lea with a 

at least thr years’ postgraduate experienc riety of problems concerning Packaging and Paper and manufacture, whict 

quired Fina ars may app's b alte research in the fields Flasticit Hvd 
Bt Salary n (interim) scales £1 tw 604 oF 
are ‘ wo § xt Starting salary may be abov Applicants should have a higher des - rably M.S and research experier i 

minimum in cither cas« Writ Cis Service ad son ndustria xperien he advantage although 

application form, quoting this not essentia 
— __________ Applications, in writing, w jeta f ag xperien pr ‘ should 

tha 

Box No 970. T. Scott and Ltd 
1 Clement's Inn, London, WC 2 
Sig 


NATURE 


Tune LO. 1961 


AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


INORGANIC OR 
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Melbourne. Victoria, 
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Structur 
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UNIVERSITY OF LONDON 
KING'S COLLEGE 


Apo é 


d a Postd 
ANOPHOSPHOR 
tor me year 


ns are im 
vship ORG 
CHEMISIRY, tenabie 
Octobe 1961, « 


extens 


n 


SERIAL 498 
AGRICULTURAL RESEARCH 
STAFE 


I mect the requirements of a 
expanding 
CAMEROONS 
PORATION 
Posts of 


search programn 
DEVELOPMENT 


appiica 


SENIOR PLANT BREEDER 


SENIOR AGRIC 


PLASTICS DIVISION 


ipid expansion of this Division, already the largest manufac- 


of plastics materials in the Commonwealth, 
\ inches for 


PHYSICAL AND ORGANIC 
CHEMISTS 


IN OUR RESEARCH DEPARTMENT 


The 1 


urers 


gives rise to 


We require men with good Honours degrees and Research experience, 


who are capable of creative thinking 
(a) exploratory 
polymers ; 


for 


organic work aimed at 


the discovery of new 

(b) Physico-chemical studies of polymerization reactions and the 
characterization of the products ; 

(c) development of new 


products 
laboratory scale up to 


and processes 


om the 
the production plant 


Pension and Profit-sharing Schemes are in operation and for married 
men temporary lodging allowances are available, and assistance is 
given towards house purchase and removal expenses. 


{pply hr efly 10 
The Staff Manager, 

Imperial Chemical Industries Limited, 
Plastics Division, 

Bessemer Road, Welwyn Garden City, Herts, 


quoting reference No. 5122/Y 


hor 
Serial 498, 


Pers 


ting 


UNIVERSITY 
Applications 
(Grade II) in Theoretical 
October 1, 1961 Salary 
£1.400 by £°5 to 
£1,850 Preference w 
having specia 
theory or sold 

Full particu may be btained 
Registrar, University, Bristol 5, 
tions should be sent by June 19 


Ot 


are invited 


BRISTOI 


r the post of Lecturer 
Physics tenable from 
£1.050 by £50 to 
(bar 475 by £75 to 
ll be given to candidates 
nterests in elementary particle 
state theory 


scale 


ars 


from 
whom 


the 
applica- 


BIRKBECK COLLEGE 
(UNIVERSITY OF LONDON) 
Applications vited 
ant Lecturer or Lectu 
didates are requ 
in Ge Scal s 
turer, £800 by 240 t& 
£1,050 by £50 to tl 
£1,625 by to 
allowance of £60 per 
tion in both erades 
Further particulars should be 


are 


it 
red 


» £1,550 
annum 
annum payable ir 
btained from the 
Malet Street, W.C.1 


Secretary, Birkbeck College 


Closing date Jur 19€ 


a) 
coexlvi 
arr 4 esta mec adoration with 
yr J ( ( Joga 
Salary Scale : £900 by £5 £1,000 per b 
im w he nefits 
age and expenence Secretary, Depar 
desirable but n ment of Chemistr King’s ege, Strand, 
ne f the Divis is concerns the development of new eleciro- WC 2 
sources onser t r power n electrolvt pr esses 
ndustria mportance t touches on manv branches of chemistry e., eee 
electrode kinetics —_— nd xida nm mechanisms f fuels ar oe 
raga r inorgar nature and the app cc, whose precise duties w Jepend « vee 
experience, w a group of research staff with consider expenen pure 
ind applied clectrochemistry 
SALARY Depencde gualifica and exper ¢ within the ranges, £4.1,‘10 
tA.<,<6° per a mor £A 2,39 £A 2,720 per annur 
The appointment w b r a fixed term of €e vears, b w strong ssibility ieee, 
extens © More permanent basis at the end he term , ae 
th 
Promotion wrhin CSIRO. ws by mer ind may ultimately go beyond the upper COR Fee 
mit of the range within which the original app me S made r th toa © 
u 
} Mr I ef Scientific Liaison Officer, Australian Scientific Liaison Office ae 
Africa H London, W C.2 
whom Appointment No. 601 be July 1‘ 
an 
1 RAL CHEMISI 
directly responsible 1 ¢ Head of th 
Research Division The Corporatwr 
currently engargcd r pian gf 
f over 6.000 acre ‘ 4t present has 
000 acres under tivation with rubber 
oil palms, bananas a, and tea offering 
scop tor a wide field rescarch 
Th terms serv n fe free 
housing with heavy turniture supplied, 
electricity and free medica reatmen A 
children’s allowan t £75 per annum fo Mts = 
plus two free air passages per child during eee 
the tour if the re at school outside the ace 
18 months depending on age and seniority a ee 
The appointments m th Principa 
Scientist grade a salary if in 
ducement allowanc« the range +2.000 : 
to £2,450 per annun In addition the sao 
Corporation has a bonus schen for 
staff and tributes Provid Fund ee 
at the ra f 1% per cent of the employee's nid ee, 
salary 
Applic send full particulars 
ne 
Colonial Development Corporation 
33 Hill Street, London. W 1 
f Assist- 
Can- 
fications 
t Lec- 
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AUSTRALIAN NATIONAI 


UNIVERSITY 
JOHN CURTIN SCHOOL OF MEDICAI 


RESEARCH 
ENGLISH ELECTRIC 
pplication vited for a Fellowship and a 
wship of Bio 
VALVE CO. LTD 
4 4 4 4 


Chelmsford. Essex 
rman- 


Ihe Company has in production high quality germanium and 
silicon power rectifiers in ratings up to 20 amps 


Improvement in the processes involved in the manufacture of these 


devices continues in order to increase their reliability in service 


The Company wishes to engage a senior production-development 
engineer to accept responsibility in the development and production 
of the rectifiers in current demand, and other devices that the Com 
pany wish to market after development 


A substantial salary will be paid to an engineer or physicist 
possessing sound experience in the semi-conductor field and post 
BRITISH INDUSTRIAI graduate qualifications. Preferred age range 28 to 40 
BIOLOGICAL RESEARCH 
ASSOCIATION, LIMITED Applications outlining experience and qualifications should be 
vedanta ~~ acetate sent to: Group Personnel Services, English Electric House, Strand 
London, W.C.2 Please quote reference N.1594.K 


’ ibstances used in the production 
‘sing and packaging of food and cosmetics | THE ROYAL COLLEGE OF SCIENCE 
Association hopes to establish its research | AND TECHNOLOGY 
atherhead but until then its 
efficient 
RESEARCH SCIENTIST ASSISTANT LECTURER 
weanizations workir An opportunity with excellent prospects Apr io » invited from candidates 
f is being created by expansion activity in able qualifications (interest 
nutritional research yy an ! tag r appoin 
\ seasoned graduate (first- or second<lass } Part t “he Techn 
honours) is sought with experience in one whict elle ac sa 
r more of the following ficids , fat t with 


librar 
f 
pacity 
2,000 per annur | “nding on Biochemistry 
nd experien and pension provisio Food Chemistry 
Nutrition. 
A postgraduate qualification is desirable COLLE« oO N 
street but appropriate experience would be an AERO AUTICS 
lars of this post car equivalent asset : 1 Ry | 


r in s 
to 
The successful applicant would work in | graduat py fundamen 


CH INSTITUTE the Basic Research Unit at Brentford, and 


be directly responsible to the Manager of 
the Unit Prospects are excellent for the 

right man 
Applications, giving full details of age 
qualifications and experience, and quoting 
reference RS 132, should be addressed to 
equivalent qualificatior the Personne! Director, Beecham Group a 

to £957. Candidates aged 2 Limited, Beecham House, Great West grammes 
4 Superannuation Scheme Road, Brentford, Middlesex under external sponsorshir 

by £50 to £1,400 by } per annum 
with superannuation under . and family 
Jepending upon 


with 
on 


Officer wan 


ars 
n Science 


e of birth with par 
_Experience, toge'her | WELSH COLLEGE OF ADVANCED 
to the Secretary, Rowett Research Institute TECHNOLOGY 
Bucksburn DEPARTMENT OF CHEMISTRY AND — 
RESEARCH ASSISTANT IN AGRICULTURAL | Assistant Lecturer B, to assist with teach- | an ct 
BOTANY in i Higher Nationa! and Graduate oe 
Applications are invited for the above appvoint- > courses i pecial refere In ~ 
ment in the Department of Agricultural Sciences and alytical Che t Applicants UNIVERSITY OF BRISTOL 
at the School of Sutton Bonington, | should have i hono ‘ e in Chemistry | Applications are invited for the following posts 
to carry out e and gene studies on ’ an equivalent qualific: in the Department f Physics (a) Lecturer 
natural hvbrids between rveerass and meadow is desirable An active tere : | (Grade IT) in Physics Salary scale £1,050 to 
fescue. The appointment is for three years from s essential Salary le y | £1,475 (bar); £1,550 to £1,850. Preference wii! 
September 1, 1961, salary £400 per annum Ap 2 s. to £1,150 with appropriate allowances | be given to applicants with an interest in cither 
plications will be consider from honours | for training and experience Low Temperature Physics or some aspect of Solid 
graduates (including prospect graduates this Further particulars and forms of application | State Physics. (bh) Research Associate in Low 
summer) in botany or agricultural] botany The | may be obtained on application to the Registrar Temperature Physics Salary scale £1,050 to 
successful candidate wil] be expected to read for | at the College, Cathays Park, Cardiff, to whom | £1,475 Applicants in the general field of Solid 
a higher degrce completed forms should be returned by June 24, | State Physics will also be considered 


Conditions of appointment and form of appli- , 


1961 Full particulars of these appointments mav be 
cation. to be returned by June 30, from the ROBERT E. PRESSWOOD, ybtained from the Registrar, University, Bristol 8 
Nottingham Clerk to the Governors to whom applications should be sent by June 19 


Registrar. the University 
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1 tor tundamental and applied research in 


PHYSICISTS 
tics. thermo dynamics, spectroscopy, X-ray techniqu 


ly completed laboratories in the country ten mile 


ind product development on existing plant. design and 


peration of pilot plant. in the Technical Development Centre 


ENGINEERS ind also at Birmingham, Doncaster, Glasgow and St. Asaph 


fundamental research, computer investigation. 


MATHEMATICIANS 


and statistics 


Graduates are invited to apply to the 
Personnel Officer (Graduate Recruitment) 
PILKINGTON BROTHERS LIMITED 


St. Helens Lancashire 


Research Opportunity ESTABLISHED 
PHARMACEUTICAL COMPANY 


Physical Metallurgy Division 
Department of Mines and Technical Surveys, Ottawa 


Attractive carcer opportunity tor Physical Metallurgists or Physicists with 
sigraduate training and research experience to work with a group carrying 


fundamental investigations in Metal Physics 


and application forms 
Dept. 1504, 
National Employment Service of Canada, 
61 Green Street, London, W.1. 


KENT EDUCATION COMMITTEE 
NORTH-WEST KENT COLLEGE Of HERIOT-WATT COLLEGE 
TECHNOLOGY EDINBURGH 


Ol tions —v 
LECTURESHIP IN MICROBIOLOG) will be treated in the str 


nou Degree Box No. 969, 

¢ Depar- i. G. Seott and Son, Ltd.. 


1 Clement's Ina, London, W.C.2. 
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solid state eachion 
} 
s and electronics. in 
the from St. Helens 
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Graduate ne Stry B mistry or 
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velopment and ro pharmaceu i 
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and b ric ma < 4 E 
1 
Ihe proposed work we 
, pera “ith sharmace i 4 “ul t 
gica aboratories under ¢ general dire 
< i Research Manager The pos n Ka. 
Ss permane pensionable, and offers oppor 
unity for rapid progress right ma 
Initially, salary w he app wiate ¢ ex "lek 
penence App nis s d preterably be 
below 30 vears concerned i 
widen their tech al experience piaecks 
be n tu 
male noe 
Phy and M tl 
GCt andar Duties t 
en wa Applicants, who should be able ike up 
\ form forth “er nbe 1961, rs hereafter, 
mal at the R ¢ prepared ake spe nieres 
ne ndustria mplicalions he sub 
qualified 
Applicat \ ‘ 4 post the Bacteriology 
t Lecturer the Department { Mathe atncs « he research programme of the department The work w neerned with ec 
tna n Apr 1 Math Department Salary 1.050 by £50 1 th nicr gy tt and 
t f ry ale t “ es*tu indidate this fix will be an advantage, but not esser 
£050 ‘ na placed a rding qualifications ta Appointment in tific OFF grade (i71 
pat 1 and fa 4 war f f ind expenence tw £1.222) r nit r wrade 
er par s and rms of applica £1.302 £1.654 jualifications and 
Ar t f tainat n the Reg must be re June xperience : FSS 
1 Mary ¢ M End Road, ma nined from the P Apply naming tw refer t Secretary 
N.LR.D.. Shinficid. Reading Quote ref. 6! 
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Manpower Section, Personnel Department, 
STANDARD TELEPHONES AND CABLES LIMITED, 


Connaught House, 63 Aidwych, London, W.C.2. 
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A TESTING OFFICER is required 


Scientist wit! 
1235 to £1 


THE | 
| LECTURER 

The Universi 
app 
Svd 


qualificat: 


Applicants 
Serial 497, 
nal Dev 
ton 


sh 


opm 


W 


MINISTRY 
1 


OF AGRIC 


TURE 


p to 


FISHERIES 
Pensionablk 
May 
GCt ( 


18 


UNITED KINGDOM TECHNICAI 


ASSISTANCE 
alth Re Offi 


the folk sts 


we ations 


wing 


raduate degrees 


1.900 
and = addit 
turnished 


ba 


Agent-Ger 
| 

Apn« 
sington 


bet 


lr 

} th 

in 


| K 


United 
Py 


NIVERSITY 


rer to 


tm 


AUSTRALIA 
OF NEW Sot 
SCHOOL OF PSYCHOLOGY 
New South Wales 
the Schoo! of Psy 
nsible tor 


TH WALES 


wishes 


gy of J 
and Science 


re students 
Graduat 


interested 
will 
field 
preference to 
h 


opsider 
any 
th 
ns rescar expenence 
psyche 
per afr 
by qualifica 
applicant will 
medica samina 
Superannuatior 


in 
vdney oft 


are 
ORY 
un 
ermined 
ne 4 
Stat 
ap 
(including 
be lodged 
outh Wales 


forwarded t 


the 
with 


sent t 


UNIVERSITY MUSEUM 


DEPARTMENT 


OF GEOLOGY AND 


MINERALOGY 


OXFORD 


ed fr 


| 
Hon ates S Engineering to | \ 
er one-year or two-vear postgraduate courses | Sa 
mn Materials Science and Enginecring These = 
studentships are provided by certain well-known 
industrial organizations, and each selected candi 
oe fate w ¢ appointed to the staff of one of Rt. 
vese Organizations, by arrangement, n admis- 
be Sa” sion to the course. at the salary of £850 per re 
annum. His tuition fee will also be paid. The hq: Blow Essex. for a 
eae course work comprises lectures and laboratory | 2 
work ed t meet the needs f the indi- 
Je range of sub s dealing 
with both metallic and non 
and will include a research 
prox EEE na! supervision Succi 
compietion of the course w lead to the award 
of the Diploma of the College of Acronautics fe w ecring a 
pe (D C.Ae) or the Diploma in Advanced Ens er- ry employ people in the manutacture electrical Components such as Be 
ine (DAE ling to semi-cond p fiers, sele im recufiers, power transtormers, and resistors 
might b sjientific and techr vees t whom ab -third are graduates or protes 
degree s al engineers 
Further information on the courses available 
am n forms may b yotained from j A ants, aged not less 0, must have a professional or 
The College of Aeronautics, Cran physics r electrical engineering should have expenence post 
department 
In alar “ t and a year ait i higher 
fixure would be nsidered for an exceptional andidat Working tions ar 
excellent and a non-contributory pension schem« peration. Housing uld be 
Please send application which nfidence 
ae = 
| 
2 wide fick f in 
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send full particulars n art = Juiv 28, 1961 Applicants outside 
a he Personnel Officer. 4 ca a Tt p } the Kingdom and Eire need only submit 
22 rofess < nz ica mist st- | 
Corporanon, 33 H > : h pon f their application to the London 
Si eraduate epartme Ras been | addition to that mmo Sydney 
sen tumctioning since 19** Analytical Chemistry has | ba 
pe wow been introduced in M.Sc. Final and a Pro- | es 
| fessor is needed to cope with its teaching include | 
Us Profess f Nuclear Physics To teach gradu 
Tee posts f en and women at least Htes reading for post? EE and assist ae 
196! Qualifications Normally n setting up a laboratory Applicat arc m chemists. phys 
Coe ca sient) with t less than four passes S Professor of Hydraulics Engineering To teach | cist r geologists for a st of Research Assist ae 
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NATIONAL INSTITUTE FOR RESEARCH IN NUCLEAR SCIENCE 


SCIENTIFIC OFFICERS 


Ihe National Institute for Research in 
Nuclear Science was formed in 1958 to 


provide for the common use of Universities 
facilities which PHYSICISTS 


those large and expensive 


are nowadays required for nuclear research. THEORETICAL PHYSICISTS 


In the Rutherford High Energy Laboratory 
situated near Harwell in Berkshire two 

accelerators are planned ; a 50 MeV. proton ENGINEERS 
linear accelerator, which is already in opera- for research posts at the Rutherford High 
tion, and a 7 GeV. proton synchrotron due Energy Laboratory, Harwell 

for completion at the end of 1962 re 


Applications are invited from Graduate 


There are vacancies in the following groups: 


7 GeV. Proton Synchrotron (Nimrod) Proton Linear Accelerator 
Electrostatic Generator Spiral Ridge Cyclotron Theoretical Physics 
DUTIES: QUALIFICATIONS AND EXPERIENCE: 
The work includes research into the Applicants should possess a good University 
production of intense beams of high energy a 
. : Honours degree. It will be an advantage to have 
particles ; focusing, analysis and separation 
of these beams; use of bubble chamber, had some research experience in one of the 
counter arrays and other detecting systems. following : 
Besides the development work on Nimrod, 
the Proton Linear Accelerator, and design i) Production and insulation of high voltages 
work on electrostatic generators and spiral 
ridge cyclotrons, there will be opportunities ii) production, focusing and measurement ot 
for research into new types of accelerators. ion or electron beams 


There are also vacancies for mathematical 
physicists in this work, and for programme 


r ili) electronic circuits 
development on an ORION computer. 


iv) high power radio frequency apparatus 
CONDITIONS: 


Permanent appointments will be made to the v) low temperature equipment 
Scientific Officer class at salaries in the scales 
Scientific Officer £790—{£1,310 vi) high vacuum techniques 
Senior Scientific Officer £1,440—-£,1,770 
according qualificat ‘ ‘xperience 
sccording to qualifications and experience (vil) computational techniques, electromagnetic 
These appointments will be pensionable under 


the U.K.A.E.A. Non Industrial Superannuation 
Scheme or nuclear theery 


theory, microwaves, particle dynamics, 


Certain of the posts are for Fixed Term appointments for periods up to five years. These will carry 
F.S.S.U. benefits. The salaries of these posts will be within one or other of the following ranges: £790- 
£1,310, £1,440-£1,770, and (exceptionally) £1,840-£2,590, according to qualifications and experience 
here will be possibilities of range to range advancement during the period of service. 


Applications, quoting the names of two professional referees and giving brief details of career, should 


be addressed to the Secretary, 


RUTHERFORD HIGH ENERGY LABORATORY, 


Harwell, Didcot, Berks., 
from whom further details may be obtained. 
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EDUCATION COMMITTEE 


BRUNEL COLLEGE OF TECHNOLOGY 
Ack W.3 


Wood is Avenue 
Dr. J. T 

F Inst 
DEPARTMI 
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NT OF BIOLOGY 


appoint t of 


f th adver ment 
GURR. MS PhD 
Chief Educ n Officer 


CHEMICAL INSPECTORATE 


SCIENTIFIC 
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Officer 
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to lead res hen nvineering and 

ess { 1 sali tions rmally 

x & he 

ngineering ; or high 
fessional attatr n Research experience 
engincering 


ree in 


physics 


427.400 

ct to review) 
W rite 
Audicy Street, London 
quoting 8 C 


may 

Com- 

osing 


North 
ation { 
13 


rm 
date July 1961 
BUILDING RESEARCH STATION (D.S.LR.) 
Garston Watford, Herts, requires Scientific 
Senior Scientific Officers to apply Operational Re 
search and Statistical techniques to research 
ems concerning the efficiency and economy 
planning, design and construction of buildings 
Qualifications: First- of nd-class honours in 
mathematics science civ engineering For 
Senior Scientific Officers, at least three years’ post 
graduate experien some knowledge f opera 
ustical techn and min 
Interim ranges Scientific 
o £1,186 Scientific Officer 
£1,604 Applicati to the above 
quoting BRS. 28XW. Closing date June 


of the 


ques 
Salary 
Senior 
ns 
address 
26. 1961 
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ABERDEEN 
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TURER IN 
1961 


UNIVERSITY OF 
DEPARTMENT OF NATURAI 
nvited LEC 
ZOOLOGY as trom October 1, 

Salary n scale £1,050 £1,850 with 
FSS.U., child allowance and removal 
allowance, and with placing according 1 
jualifications and experience. 


Applications 


ilars may be 

The University, 
auions (cight 
ater than July 6, 


copies) sh 


1961 


BOTANIST OR AGRONOMISI 
FOR SERVICE IN MALAYA 


res ? rga a 
i Va 
to take 
m researc 
e responsib 


SIERRA LEONI 
AGRICULTURAL CHEMIST 
advise tt Director gricult 


problems and f 


leave 


stating 


nerous 
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experience 
Leon Recruiting Agency Room 
ary Buildings, Great Smith Strect, London 
ting reference No. BCD.63/15 04 


St 


| 
SENTOR 
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f Nan 


UNIVERSITY OF 
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rsitics’ Code 
yn hazards thro izhout 
¢ in a hospital physics 
of advantage Salary on scale 
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Further particu may 
Secretary, the University, 
ications (eight copies) 
than July 6, 1961 


primar 

the 

iepartment would 
£1.050 to £1,850 

allow 


be obtained from the 
Aberdeen, with whom 
should be lodged not 


irs 


app 


later 


UNIVERSITY COLLEGE OF 
NORTH STAFFORDSHIRE 


Applications are invited for the post of Demon 
strator Chemistry The Demonstrator 
would expected to engage in research work 
normally for higher degree The appointment 
tenable from September 1961 Remuneration 
£620 per annum The appointment is renewable 
annually Usual tenure is for three years 

Applications should reach the Registrar, the 
College, Keele, Staffs, from whom further par- 
ticulars and application forms may be obtained 
not later than June 14, 1961 


n Organic 
he 


is 


eceli 


NORTHAMPTON COLLEGE OF 
ADVANCED TECHNOLOGY 
LONDON 
ST. JOHN STREET, LONDON 
DEPARTMENT OF PURE AND 
CHEMISTRY 
Applicat wited for Research Studer 
ships ay September, 1961, from th 
holdin r anticipating have a 


BEC.1 
APPLIED 


mica 
hen 
The 
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DEPARTMENT 
AGRICULTURE 
TANGANYIKA 
BOTANIST 


th 


Ot 


tment 


BCD63/8 01 


PHAR MACOLOGISI 


rn ii 2 with 


UNIVERSITY OF WESTERN 


AUSTRALIA 

RESHIP MATHEMATIC 

ited for appointment to th 
ve-named mn the Department 

Mathematics epartment sible f 
teaching and rese: in pure mathematics 
ed mathematics mathematica 

may specialist in 

fields mathematics 

position is £A.2.450 bv 

with superannuat 


LECTI 


Applicat 
is respor 


stat icS an 
any bran 
The salar 
£A.100 
m simil 
pplicants 
wed 
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Applicat 
the Se 
British 
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London 


m 
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py of 

ointment before submitting 

1is information is available from 

Association of Universities of the 

nonwealth, 36 Gordon Square. Il 
cations close, in Australia and 
31, 1961 


post 


ap 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNTIVERSITY OF READING) 
Applications are invited for the following pos 
tenable for five years from October 1, 1961, unde 
a grant from the United States Nationa! Institute 
of Health, for work on the flow and the coagula 

tion of blood. 1. Principal Scientific Officer 
training in physiology and/or biochemistry, an 
preferably Physics Experience in wor 
yn blood an advantage Salary within rane 
£1,666 to £2,418: FSS.U 2. Assistant Exper 
mental Officer preferably with pass degree 
equivalent and exper in biol cal work 
Salary range £450 10s. to £983 
Further particulars from the 
N.LR.D.. Shinfield, Reading Quote 
for post ! or 61/19 for post 2 


also in 


Secretary 
ref. 61 


with 


ue 
r. Salary | 
plus £60 per | 
wan f t 
allowance of | 
membership. | | 
S and special 
d try ; RI¢ Din. Tect 
cation of | | 
in chemistry Research topics will be se'ected 
Assistant | I er m from the follow fields: the chemistry ant 
Ihe Secretary, erdeen, rigin of al tar nstituents low temperatur 
‘ A good with whom app ould arbonization studies; physico-ch 1 stu 
= States of eregal » solution work w 
| be suitable for studies aiding to a postgraduat 
S.U. membership | | degree or equivalent. Each studentship will cart 
H perso a stipend of £400 to £500. which may be suppk 
wo refere to Professor J. D. | me dt t 
Department, Imperial Colles: Applica is, giving full tails, including th 
ology, London, S.W | Semes of referees, should De to the Head 
| the Chemistry Department as soon as pessit 
| shee dit 
ss - HEAI Applications are invited from those ha rop plants to increase yield and resistance 1 ay 
Applicat degree in Bota An r pests. Candidates (male) must ha 
| ral with postgrad e trair i legrec tan roa 
Head of the Department of Biology t nence p Br Cre p ce in t y ericu 
September 1, 1961 r as soon after as po - tw years posterat 
App ts should hold it wed by several years practical exper r train Fxy nce in pla 3 
on os siderably. There is a Diploma Tech y r this appointment will be at least £2,600 266 to £2,448. Entry point determined * 
esha course and some postgraduate work I Head ver annum plus allowances, free a nm anes — y CRE Gratuity 25 per mae 
Department will be responsit n, passages and provident fund t of s ‘ mo educa 
postgradua urses and arc Applications, giving full details of qua Furaishad ; lat 
Ther t pr t a tull-time staff of ht fica S, experience, age, etc., should tx 
aie fing a Principal Lecturer. The grade of th sent to Box F839, c/o Streets, 110 Old : cere) 
{epart t is IV. salary scale £1,988 to £2,151 Broad Street, Loadoa, E.C2 Apply. stating full nar ving f deta 
he btained from t Principa 1 whom com Juot 
pleted apr ations should wit 14 4 
days the appearance 
(WAR | the ficld g the laying out of ficld trials | ‘arch Latorateries. an advantage, Ne 
| Office), Woolwich secks two Assistants (female) and their statistical analys ind interpretation. | 
5) Se for technical information and rary work in the Candidates (n ) must have a good honours de ss to Lond : et 
hem mple searching bstracting n- gr sgricultur hemistry with sor . ve 
d br pie ung. abst ’ , : Apply, statin ilificat Ss, expericn 
piling re js. assisting in rary Read w | x preferably «tropics and publications, to the Research Director, Mik 
foreign air npointment is on tract rat ms r tw 
eee ible. Qualifications: GCE. (A) chemistry and | tours of service in the first instance with emi ata a 
phy r mathemat ) and thr o level | ts in scale £1,039 to £1,924 Gratuity 15 per 
Bjects including Enslish and Mathematics. or | cent of aesresate emoluments Fret passases on | che 
A eae HNC. chemistry. Associateship of Institute of | appointment and leave for officer, wife and up ee 
Information Wists an advantage Salary to three dependent children under 18 years of ag 
£458 (at 18) to £983 (maximum) plus £20 to ¢40 } Childrea’s allowances Furnished accommoda 
Promotion prospects jay release for studs } tion it it n Jerat renta 
et Forms from Ministry of Labour, Technical and | G ae. 
Le Be. Scientific Register (K), 26 King Street, London, | eh 
S.W.1, quoting ref. F.31S/1A jd 
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ROYAL VETERINARY COLLEGE 
(UNTVERSITY OF LONDON) 
t ted for 


Depart 


Ss ar appointment as 
t tt V eterin- 
able at the field 
Middlesex Jates 

cons Of poss some 

Sala £50 

ndon 


cord 


iperannua- 


Mai a 

es 
rom the Secre- 
Roya! College 
returned not 


HIGH DUTY ALLOYS LIMITED 
RESEARCH DIVISION 
SLOUGH, BUCKS 
Ph Metallurg 


arct n the phen 


ASSI 


ur 


Department 


Ww 


FSSEX 
MPTION | 
WINDSOR 
Departn 


COLLEGE 

NIVERSITY OF WINDSOR 

ONTARIO, CANADA 
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tory ty regulations permit tea @ stall jan F.S.S.I type superannuat scheme, study | 
to read tor the deg M.Sc. and Ph.D. Ap- | icave, travel grants and other benefits available | Should Be gradua 
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i phys wh nterested ‘ Further par nd applicat forms of a study the 
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to per Lectur t Gordon Square, Londo Applicatior Further par he obtained from tt 
£950 per a Men hip of the F.S.S.t n July 30, 1961 pa ne 
m Initial salary Registrar ersity College Park 
t salifica Swa 1, by whom applications mus 
| 1961 
t sh be sent not later than June 
24 to the Registrar, the University, Man 
hester mn whom further particulars and SI 
forms app ation may be obtaincd App 
rms ter in the first tance } 
, 4 ict Sta “ Applicatior t f Assist- 
ant Lecturer in the Department Biochemistry 
| The post w tenable from October 1, 1961 Se 
| Commencing salary according tu qualifications and 
| } experience, in the scale £950 to £1,150 per annum me te 
the and iren’s allowa scheme 
Applicauons, giving details of qualifications and 
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UNIVERSITY COLLEGE OF 
NORTH STAFFORDSHIRE 


Applications are invited for the post of 
Lecturer/Lecturer in Mathematics Appl 
be qualified in applied mathematics 
yintment will start from October 
thereafter as can be 


Registrar, the 
urther particu 
btained, not 


UNIVERSITY OF NOTTINGHAM 
RESEARCH ASSISTANT IN AGRICULTURAI 
BOTANY 

are nvited { t appoint 

Department cultural Sciences 

of Agricultur t n Bonnington 

y it investigations on the growth of sugar 

The appointment is for three years from 

mber 1, 1961, salary £400 per annum Ap- 
ns Ww be msidered from honours gradi 


ding prospective 


BATTERSEA COLLEGE OF 
PFECHNOLOGY 

(A College of Advanced Technology) 

LECTURER IN THEORETICAL SOLID STATI 
PHYSICS 
Applications are invited for the post of Lecturer 
in Theoretical Physics of the Solid State in the 
Department of Physic Salary scale £1,408 or 
£1,421 » £1,601 

App n hould be sent to Clerk to th 
Battersea College of Technology 
from whom further particulars 


Closing date rr appl tions 
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UNIVERSITY COLLEGE OF 
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Department of 
n October 1. 1961 
an interest in Recent 
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sent not later than June 
25. 1961, to the Registrar, from whom further 
particulars and forms of application can be 


obtained 


READING TECHNICAL COLLEGE 
Grade B Assistant Teacher required for Science 
Department to teach Physics in ONC. Applied 
s and Chemistry courses and to GCE 
and levels Basic salary £700 
150 with additions for qualifications and train 
Commencing salary according to experience 
Further particulars and application forms of 
tainable from the Principal. Reading Techn 
College, King’s Road, Reading 


NATURE cece liii 


UNIVERSITY OF READING NORTHERN POLYTECHNIC 
nvited for a Lectureship or HOLLOWAY, LONDON, N.7 

n the Department of Agr The »verning Body invites immediate appli- 

from botanists with special experi c r for appointment as Lecturer in Mathe- 

mommy, morphology or genetics of i Applicants should possess a good honours 

ticultural plants legree in mathematics and be able to lecture up 

Further particulars may be obtained from the to the dard of the B.S Spe Degrec The 

(Room 22, O.R.B.), the University Jidate will be cncouraged t wage 

by whom applications must be received | ir Salary scale 3 5 wo 

than July 3, 1961! | £40 to £1,550 plus Londos J ince 

| for form of application and further par 
HISTOLOGIST ticulars to the — » the Governors 


1 
We have a vacancy for a graduate in pharmacy H. CURRELL, F.( “lerk 


or science in our Surgical Research Unit in Kent 
for histological work on in vivo absorption f . 

} sutures Five-day week and contributory Super- UNIVERSI rY OF LIVERPOOL 
annuation Scheme in operation Salary accord- pplications are invited for posts of Lecturer 
ng to qualifications and experience { Pp I in the Department of 
Apply to Technical Director, Eth ’ s at an initial salary within the range 
Bankhead Aven Edinburgh 11 » £1,450 per annum for a medically 
indidate or hin the range £800 to 
UNIVERSITY O} READING } Be nnum for a candidate having a dental! 
Applications are invited from persons with 
special qualifications in pure mathematics for a 
Lectureship in Mathematics (Grade I or I}). The 
appointment will date from September 30, 1961 

or as soon thereafter as can be arranged 

Further particulars may be obtained from the 
Registrar (Room 22 OR.B.), the niversity 
ym applications must be received 


irs may 


196] 
TEMPORARY EMPLOYMENT OF 
GEOLOGISTS 
GLASS-MINDED ENGINEER e Minister for d Commerce is 
red with € | knowledge Able ep < n aduate Ge gists for tem- 
mical and Pharma ar ut iting the summer months of 1961 
should have had two seasons’ 


qu 


Ireland Full details may be 
detail f ucation and dat |} obtained  fror Secretary Department of 
Box 966, IT t on, : Industry and Comm Kildare Street, Dublin 2 
Clement's Inn 2 B. MacCARTHY 

Secretary. 


UNIVERSITY COLLEGE OF | UNIVERSITY OF WESTERN 
NORTH STAFFORDSHIRI ONTARIO 
d fr Demonsu 


LONDON, CANADA 
Research Associate in radio physics, with M.S 
r Ph.D., required for one year appointment 
types Salary commensurate with experience Research 
, — 1 the | f atmosphere 
Keele, Staffs App $s to Professor D. R. Hay, Depart 


riher 


auons ar Invite 
irator, in the Departme 
n Septen 


n 


ASSISTANT EXPERIMENTAL OFFICER. | UNIVERSITY OF MANCHESTER 


J rk on chen proviems ted with Applications are invited for the post of Lecturer 
Assistant Lecturer in the Department of Mathe- 
- matics of the Faculty of Science Candidates 
Salary on aie : ag . atid ‘ should have cig qualification n applied 
annum anni accommodation mathematics. Duti commence or ber 1 
ava le req ns m or le thereafter Salary 
names of three referes crctar | sca per annum urer, £1,050 to +£1,850, 
Research ¢ a" tor to qualifications and ex- 
Newbury, Berks ence istz Lecturer, £800 to £950 


MEDICAL RESEARCH APPLICATIONS S.S.U. and Children’s Allow 


are invited from Scientific Officers yb 
yns should be sent not later than June 


"Te n . to the Registrar, the University, Man 
cmis cni 
: a i »<) 4 for re rch c 13, from whom further particuiars and 
salaries and scales) required for a research epolication may be obtained 


into general and biological aspects of heart 
be given for the f 
T. thesis. —Further information | WOOLWICH POLYTECHNIC 
Pathologist, Centra oratory, | LONDON, S.E.18 
yuth Principal Harold Heywood, D.S« Ph.D., 
|} AC G.I, Wh Sch., M.I.Mech M.1.Chem.E 
APPLICATIONS ARE INVITED FOR Applications invited for the 
sition ista fessor of Biology it ments in the Physics Departme 
alization im stan | an honours deerce A knowledeec of 
ts equivalent ) PcOgT < miversity | yStallography or of nuclear physics would 
s essential Sala il r $7.0) an advantage, but is not essential There are 
to $8,500, depending upon qualifications and ex- facilities for research Assistant Lecturer, Grade 
perience Appointment dates from July 1, 1962 n the first instar . up to General 
Duties at the University commence not later than ducation, level and Part I 
September 1 1962, 32 nclude aduat al Degree 1¢ Physics Department 
teaching in general biolos gramme of | i arge one ou r the B.Sc. general 
research and graduate teaching 2 degree degree in physics 
Facilities in this field are excelien »plicat nterns of n f London Salary 
including curriculum  vitac, am ‘ eT £35 $5 Grade B with 


and a recent photograph addr j n ¢ o £1,42 ialifications and 

to Head of Department of B gy. University o experience t nd allowance £38 
Saskatchewan, Saskatoon, Saskatchewan, Canada to £51 

Particulars and application form from Clerk to 

RESEARCH ASSISTANT WANTED =, Jovernors, to be returned by June 3 1961 

Stoke Mandeville Hospital to help with current re 

mmunologica t ¢ TULLIS RUSSELI 

the services of a I 


sh 


ab 


taking th 

annum ac ne to qualifications 

application giving details of experience 

names o wo referees. to the Pathologist. Stoke 
Mandevilic spital, Aylesbury. Bucks 


ug 
4 
4 
nor 
as 
ine fe will be in the scale £1,650 by £75 to £2,325 (Senior | | P Go 
ie Hes Lecturers), £1,050 by £50 to £1,400 by £75 to | Le 
£1,850 (Lecturers), with F.SS.U. and children’s | 
allowances 
Applications sh reach the 
ge. Keele, Staffs. from whom f 
ey lars and application forms may be fee. 
later than June 17, 1961 
fr 
eile 
~ 
in botany or agr tural botany The successfu 
eo ees candidate will be expected to read for a higher | mS 
wditions of appointment and form of applica 
nent and f pplica- | 
tion, to be returned by June 3, from the Regis 
trar, the University, Nottingham 
une I¢ tenable 
} not lat 
an honou ec- 
within the ess 
Statutory ded 
Further particulars from the Clerk to the 
a Governing Body to whom applications should be --. 
sent as soon as possible 
AG Ay 
in 
gO WS desirable, or in pure science if interests and ex ery, 
Fan perience are related to metals Initial salary ac seta 
ey cording to qualifications and experience on the i al 
scale £1,050 by £50 to £1,400 by £75 to £1,850 
with F.S.S_U_ provision and family allowance A 
grant rds removal expenses will be made 
whom applications (four ypies) 
by July 1, 1961 
ae | and considerable experience of laboratory organ Pia 
ization, preferably but not necessarily. in the 
| paper Justry —Apr tions t the Chief 
Chemist. Tullis Russe x ¢ Ltd Auchmuty 
& Rothes Paper Mills. Markinch, Fite 
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UNIVERSITY COLLEGE OF 
SWANSEA 


Applications are invited 


lidates for the follow 


N 


t 


ATURE June 10, 1961 


stant 


Lectureship, £1.050 | > offered from October 1, 1961, in the 
Bx 


» £1,850 per annum 


£50 to £950 per 


family allowances. | » free tuiti 


ybtained from 


graduates 
ca im 
jemonstrating 


Part 


TRADE ANNOUNCEMENTS 


UNWANTED MICR 


ais arorr 


SCOPE TURN IT 
to cast We buy at top prices microscopes up to 


12? New UNIVERSITY COLLEGE Of | Trinkty College, Dublin 2, not inter than 


graduate in 1961, would be expected to suppli- 
cate for the degree of Ph.D 


UNIVE RSI I Y OF LONDON Applications, naming two referees, should reach 
rom suitably qualified KING'S COLLEGE the Professor of Mining and Minerals Engincer- 


ng posts in the Depart 
Lectureshir 4 TUTORIAL STUDENTSHIPS possible and not later than July 1, 1961 


ing, the University, Birmingham 15S, as soon as 


UNIVERSITY OF DUBLIN 
The value is £425 a year, TRINITY COLLEGE - 
yn in King’s College. Maxi- RESEARCH STUDENT IN PHARMACOLOGY 


tenure four years Applicants must Applications are invited for a Research Student- 
or about to graduate, and will ship in Pharma zy ; duties to be taken .p on 
quired to read for a higher degree and September 21, 1961 Preference will be given to 


ted amount of assistance by iz es whose interests lie in the field of endo- 
e ccessful candidate will receive a 

for the first vear and £450 in a 
wi normally be expected ¢ 


n the Registrar 
Jegrce of the University of 


is { 
d, W.C.2, whom com- 
Id reach not later 


mn Lt New 


POSTGRADUATE RESEARCH STUDENTSHIP 


GRANTS & SCHOLARSHIPS |, 


UNIVERSITY OF ABERDEEN 


DEPARTMENT ¢ 
RESEARCH STI 
ELECTR 


F CHEMISTRY 


DENTSHIP IN 
DIALYSIS 


h 
eact 


SWANSEA 


rsons expec 


IN CHEMICAL ENGINEERING LECTURES AND COURSES 


/CHELSEA COLLEGE OF SCIENCE 
AND TECHNOLOGY 
MANRESA ROAD, LONDON, S.W 
DEPARTMENT OF CHEMISTRY 
FULL-TIME COURSES LEADING TO 
GRADUATE MIEMBERSHIP OF ROYAI 
| INSTITUTE OF CHEMISTRY, COMMENCING 

SEPTEMBER 1961 

n y ir ¢ rse 

for Part Il f the Graduateship 

Candidates should hav already 


UNIVERSITY OF BIRMINGHAM 


DEPARTMENT OF MINING AND 


MINER 


ch S 


ALS ENGINEERING Apply to H 
40 GRESHAM BASINGHALLI 
MONarch 2433 


Accuracy 
Electrical Supply 


Prices 


TECHNE 


SIMPLE TO USE 
EASY TO CLEAN 


Viscosities in the range 50 cP-2000 P can be meas- 
ured without reference to calibration charts by 
The TECHNE INDUSTRIAL VISCOMETER 
Capable of immersion in a water bath, this visco- 
meter has also a micro attachment for use with 
liquids of viscosities in the range 1-l100P; this 

requires only 0-7 millilitres of sample. 


+ 2% 

200 250 V. SO cycles AC 
100/120 V. 50-60 cycles AC 
Viscometer—£30 17s. Od. 
Micro attachment—£7 10s. Od 


(CAMBRIDGE) LIMITED 


Duxford Cambridge England Tel.: Sawston 2246 


4 


Mattson’s Swedish Soil Samplers 
AS ILLUSTRATED. 
21” length £410 0 
36” length £6 10 0 
Other patterns include Walking-Stick Sampler, 
£4 15 0; and Hiller pattern Peat Samplers, with 
extension rods for greater depths. 


Write for details “ N.” 


J. STEWARD. LTD. 
406 Strand, London, W.C.2 


TEM. 1867 Estab. 1852 


2 
| 
ment of Phy An A ae 
Lectureship Salary scale 
vy £50 w £1,400 by £75 t 
Assistant Lectureship, £800 by 
n F.SS.U. benefits and ek 
Further particulars can bh 
Rewistrar. University College. Sir ton Park, | we 
by whom apr sitions (six p ), must 
ceived by Saturday, July 1, 19¢ 4a 
| 
ae, 
pleted applications 
than June !9 
| Applications (four copies), giv ng full details of ee 
in reer t id the and 
the specialists Wallace Hea 
Bond Street, London, W.! 
‘ 
Kame. Wor form the basis for a Ph.D 
ar The St tship w be tenable for thr ae 
son im the Des t of Chemical Engincerit 
fer s that apply to D.S.LR. Re 
Anr ns w t » 
fear eq alent qualificat ADT t jing ne of one referee 
« h < t r by the R at r SitV 
er annun x fre sa ved f ton Park, Swanse not later than 
The ident w lune 3, 1961 
nen rdioa 
work is s he A-E.R E. Harw 
font w c x ed nr i Roc 
of PhD \ j n versity if ving at 
| \ names Chemists to car t t tures f D'S DSc 
1 he } 1. | f tal organic chemistry or the chemical | M.R.C.P. (Gresham Professor in Physic) on Hoe 
G M t Department oft t ‘t { Candidates who should | Stress n M fav to Thursday, June 12 to 
Old Aber n t a good hor s deer r wi ire t The Lectures are fr ind begin at 5.30 p.m 
» i E ) 
SA M i 484 
ee 
\ 
j 
SALE 
Boy. 
7c 
AP 207¢ 
* 
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The Completely 


INSTRUMENT INSPIRATION Battery-operated Portable 
POTENTIOMETER 


RECORDER 


Miniaturisation par Excellence! 

For sheer versatility, there is nothing to approach this 
new MERVYN Instrument . . . its uses are legion 
both in the factory and in the field. It is the only 
Potentiometer Recorder that is both portable and self- 
contained— weighing just 17 Ibs., complete with its own 
INTERNAL DRY BATTERY POWER SUPPLY. 
* Internal Battery Power Supply has a life of 250 hours 


* Low Drift Transistor Chopper operating at a frequency 
chosen to minimise 50-cycle interference 


* Battery-driven motor for the combined Potentiometer and 
Writing Drive 


* Transistorised amplifier and voltage reference from Zener 
Diode 


* Inkless Recording using 7-day clock mechanism 
The ranges acceptable are from 0-5 mV up 


to O-1 volt, by Interchangeable Range Cards 


Write tor further information, 
mentioning Nature,” to 


WOKING - SURREY - ENGLAND 
Tel: Woking 5200-3 


HOMOGENEITY 


High and medium resolution n.m.r. require field 
homogeneities >1 in 10*. This is only achieved by w 
highest quality workmanship and attention to detail : 
The Newport 8” Electromagnet Type D with 

optically flat pole faces operates in the range of 

0-12000 gauss. Maximum available field > 15000 

gauss. Rotating table available 


High Performance 


ELECTROMAGNETS 


MAXIMUM MINIMUM 
Efficiency Cost 
© Field Strength © Size 
* Homogeneity Weight 
* Stability * Remanence 


For full details write to: 


. NEWPORT NEWPORT INSTRUMENTS (Scientific & Mobile) LTD 


INSTRUMENTS 2 CRAWLEY ROAD - NEWPORT PAGNELL - BUCKS 
Telephone: NEWPORT PAGNELL 401/2 
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Operating with a speed and accuracy +e 
previously unattainable, the Coulter ¥ \ 
ounter produces data on partick 
ze, count and size-distribution fast 


enoug 


for flow-line process control 
1 the Coulter principle a dilute sus 

pension of the sample in an electrolyte r 

i F 1 through a small aperture & ® j | i 

hrough which is flowing ‘ 


COULTER 


COUNTER 


for accurate 
particle-size 
distribution 
data 

fast enough 
for flow-line 
process 
control 


current 


changes 


particle 


the aperture 


pro- 


ally to its volume and the re- 
pulses are amplified, scaled 
ited at various threshold 


distribution from 
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SOFNOLITE 


Over 1,500 Coulter Counters are already in service in 
ndustry and medicine. Full details and technical literature 
will De sent on request 


COULTER ELECTRONICS LTD 
2-4 ASHWELL STREET, 


ST. ALBANS, HERTFORDSHIRE 
Telephone: ST. ALBANS 53402 


ABSORPTION 
PLUS 
INDICATION 


> 


LINVD51S30 


specially developed for gravimetric CO, analy 
contains a green brown indicator. Being solid it 


packed in ordinary U-tubes, which are much easier to 
Another 
advantage is the distinct colour division between used 
The end of absorp- 
when the division stops 


fill and weigh than, for example, potash bulbs. 


and unused material along the tube. 
| tion is clearly observable, 
| moving. One tube of SOFNOLITI 


can be used 


to send experimental figures. SOFNOLITE can also 
other acid gases, such as SO, or HCl. 


| absorbent to:— 


SOFNOL.: 


WESTCOMBE HILL GREENWICH LONDON, 
AS SL34 


¥. 


June 10, 1961 


GAS FREE 
FROM CO) 


| SOFNOLITE is a highly purified form of soda-lime, 


times without re-charging until exhausted. Grav 
accuracy is high—results in many cases are better than 
those obtainable with caustic potash; we shall be glad 


Please send for 
full details of this convenient, accurate and inexpensive 
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First in 1911 to publish a series of British Reagents Specifications, Hopkin 
& Williams Ltd., were one of the two companies who in 1934 introduced the 
now widely-accepted system of “ANALAR’ specifications *. 

From the outset Hopkin & Williams have manufactured and tested reagents to 
these specifications with a meticulous care that has inspired confidence in 
*ANALAR’ throughout the world. From time to time more effective methods of 
purification permit the tightening of existing specifications, and new ones are 
added to meet the users’ up-to-date requirements. At present no less than 308 
‘ANALAR’ Laboratory Reagents, besides many other ranges of chemicals for 
special purposes, are available as part of the H. & W. service to research, analysis 
and industry. 

STANDARDS FOR LABORATORY CHEMICALS”, 

Sth Revised Edition 1957, 21/- post free. 


» CHEMICALS 


TRADE MARK for research, analysis and industry 
HOPKIN & WILLIAMS LTD. CHADWELL HEATH, ESSEX, ENGLAND 


Branches: London, Manchester, Glasgow Agents throughout U.K. and all over the world 
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In addition to the well-known 
‘Bara’ water-jacketed 
incubators, B.T.L. now offer 
anhydric incubators in two 


sizes with a range of 25°C- 
110 C, good thermal stability 
and an economical price. 
Identical cultures, chosen for 
their intractability, 

incubated both in these and in 
a water-jacketed type, have 
shown no difference in results, 
The incubators have three 
aluminium shelves locatable 
on eight runners, an inner 
door of toughened plate glass, 
and a B.T.L. bi-metallic 
temperature regulator with 
locking device and pilot light. 


Bianche: in London, Manchester, Glasgow. 


Please send for full details 


Printed in Great Britain by Fisuer, Kniout & Co, 
at St. Martin's Street, London, W.C.2, and St. Maarin’s Press, 
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anhydric 
incubators 


A’ “ACHEMA” 


Large Model Cat. No. C 13/017 £69-10-0 
Small Model Cat. No. C 13/018 £47-10-0 


Lrp., 


WE ARE EXHIBITING 


The Gainsborough Press, Si. Albans, and published by Macmitan & Co., 
, 175 Fifth Avenue, New York 10, N.Y., U.S.A 


complete 


LAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND. 
Agents throughout U.K. and all over the world. 
TAS/BT 73 


Limitep, 
Saturday, June 10, 1961 
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